FITTED WITH 


VACUUM CONTROLLED 


Brakes made in England by 


II 


GH) [WESTINGHOUSE 


STRAIGHT AIR BRAKING 
SANDING AND CONTROL FITTINGS 


One of 32 
mixed traffic Diesel Electric Loco- 
motives for Tasmania built by The 
English Electric Co. Ltd. and Vulcan 
Foundry Ltd. 


The straight air brake is used for con- 
trolling the locomotive when running 
light, shunting, or hauling unbraked 
freight trains. 


When vacuum braked trains are being 
hauled, or when two or more locomo- 
tives are working in multiple unit (e.g., 
shunting or hauling unbraked stock), 
the air brake on the locomotive is 
applied proportionately by means of a 
vacuum air proportional application 
valve. In these circumstances, however, 
the locomotive braking may be supple- 
mented by operation of the straight air 
driver's brake valve. This variation in 
the locomotive braking is independent 
of the train brakes. 


WESTINGHOUSE BRAKE & SIGNAL Co. LTD., 82, YORK WAY, LONDON N.1. 
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Diesel-Electric Dependability 


The Malay Railways have ordered 20 ‘English 
Electric’ diesel-electric shunting locomotives. 
These shunters have a world-wide reputation 
for economy of operation, high availability, 
and minimum servicing requirements. Already 
the railways of 8 other important countries 
have these shunters in regular service — most 
of them the standard 350 h.p. 47-ton loco- 
motive illustrated above. 
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These ‘English Electric’ shunters carry 
enough fuel for two weeks’ work without 
visiting the running sheds, and their quality 
design reduces maintenance to the absolute 
minimum. 

Railways at home and abroad know these 
locomotives deliver high torque at low speed 
—an essential feature of any shunter — and 
that ‘English Electric’ products give lasting 
satisfaction in service. 
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the 


‘FORMICA’ provides a durable, hygienic 
and artistic finish for the interior decoration 
of Railway carriages. It’s hard surface is 
easily cleaned with soap and water. Main- 


tenance costs are exceptionally low during 
years of service. 

“LINHBTTE” pattern ‘FORMICA ” is used 
for panelling from skirting to cant rail level 
and also for seat ends in First Class Section, 
Wood grain ‘FORMICA’ is used for panelling 


Estoril Railway. First and Second Class Electric Motor Car. 
Builders : 


Cravens Railway Carriage and Wagon Co, Ltd. 


-booked for a long ride on 


Estoril Railway 


from skirting to waist rail level, with 
‘LINETTE’ pattern ‘FORMICA’ up to 
cant rail level in the Second Class Vestibule. 


The dark trim around doors and windows is 
‘DELARON’ (a sister product). Recesses 
for blind rods are machined from the solid 


‘DELARON ’. 


Bulkhead partitions are of 1” blockboard 
veneered in ‘ FORMICA’ on both sides. 


Formica’ is @ registered trade mark and De La Rue are the sole registered users 


THOMAS DE LA RUE & CO. LTD. (Plastics Division), Imperial House, 84/86 Regent Street, London, W.. 
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Sleeping-car 
of the Compagnie Internationale 
des Wagons-Lits. 


52 m? tankwagon 
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Double motor-coach. 
Supplied to the 
Belgian National Railways 
(160 km/h). 


Wagons — Coaches — Locomotives — Bridges and structures — Heavy and medium pressings. 


Elements for pressure pipes - High pressure welded vessels — Springs — Forgings 


High pressure flanges -— Galvanized sheets. 
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HIGH EFFICIENCY 


PERMANENT WAY EQUIPMENT 


AUTOMATIC 
TAMPING MACHINE 


ae 16 tamping tools actuated sim- 
ultaneously complete the ballast 
packing of each sleeper in one 
operation. 

| The machine can be side tracked 
in one minute. 


_ AUTOMATIC BALLAST 
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The issue of passenger tickets on the Belgian 


National Railways, 
by H. TALPAERT, 


Inspecteur principal au Service des Finances de la S. N.C.B., 


and L. LATAIRE, 


Ingénieur principal au Service des Finances de la S. N.C. B. 
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These activities as a whole cost the 
S. N. C. B. about 70 million Belgian francs 
a year. 

The object of the present report is to 
bring to the notice of the reader the 
improvements and simplifications offered 
by the use of machines for printing and 
recording the tickets at the booking office, 
machines of a completely novel type. 


Fig. 1. 
printed 
single destination. 


— Simple pre- 
ticket to a 


Fig. 2. — Simple pre- 
printed ticket to mul- 
tiple destinations. 


CHAPTER: 


Present position. 
Issue of preprinted tickets stored in racks. 


A. The rates. 


The issue of tickets is complicated by 
the great number of cheap fares in force; 
in addition to the reduced rates granted 
for return tickets (1), there are reductions 
Of 25.77, 00.7, pandesS 75. which many 


(@) 15 % in January 1950. 
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passengers enjoy (officer reservists, chil- 
dren, invalids, soldiers, etc.). 


When the three classes are taken into 
account, this means that there are 15 scales 
of charges. This increases the number of 
divisions in the coupon racks, which 
affects the work of preparing the accounts, 
checking the documents and getting out 
statistics. 


Fig. 3. — Simple pre- Fig. 4. — Return ticket 
printed multiple des- with bar to multiple 
tination ticket with destinations. 
bar. 


The scales are proportional to the 
distance up to 30 km (18 miles); beyond 
30 km they are based on zones (zones of 
3 km [1.8 miles] from 31 to 60 km [19 to 
37 miles] and 5 km [3 miles] above 60 km). 

The existence of these rating zones 
makes it possible to include the names of 
several destination stations on the same 
ticket. 

The use of multiple destination tickets 
reduces the number of divisions used in 
the racks and consequently the account- 
ancy work. 
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Fig. 6. — Booking offices with vertical coupon racks. 
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B. Coupon tickets and racks. 


Coupon tickets are of two types : 


a) cardboard Edmonson tickets with a 
printed destination and fixed price 
(fig. 1, 2, 3 and 4) which represent 
97 % of the output; 
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is the same as that of the destination 
stations printed on the ticket. 
Edmonson tickets are arranged in the 
booking offices in racks of the vertical 
type (fig. 6) or in modernised stations, in 
racks of the horizontal type (fig. 7). 


The most important stations on the 


Fig. 7. — Modernised booking offices with horizontal racks. 


b) general purpose tickets (billets pas- 


se-partout) (fig. 5), which represent 
3 % of the tickets sold. 


Figures 3 and 4 show barred Edmonson 
tickets. 


On such tickets there is a printed bar 
in which the booking clerk can write the 
name of any destination the fare to which 


Belgian system have about 800 different 
categories of tickets per booking office 
window. ; 
C. Administrative 
and accountancy work. 


In addition to the centralisation of the 
funds, the sale of tickets gives rise to the 
following administrative activities : 
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In the stations : At the central offices : 
1. Stocking the tickets. 


— Preparing the demand notes for tickets 
(every six months or yearly according 
to the size of the station). 
— Checking the demands. 
— Recording the demands. 
— Printing the tickets. 
— Checking and sending out the tickets. 
— Receiving and checking the tickets. 
— Storing them in the station stores. 
— Entering them in on the stock sheets. 
— Keeping the booking office supplied. 


2. Periodical lists of tickets sold. 
(every 10 days in large passenger stations; every 5 days in other stations). 


— Establishing the number of tickets sold 
and the corresponding receipts. 

— Checking these receipts against the 
total daily:.entries of the booking 
clerks. 


3. Monthly clerical work. 


— Establishing the monthly ticket sales 
(per classe and per rating category). 

— Sending this statement to the central 
administration with the necessary docu- 
ments (cancelled tickets, etc.). 

— Recapitulation of the station receipts 
and preparing the receipt statements 
for the whole railway. 

— Checking the receipt statements of the 
stations. 

— Checking the documents (cancelled 
ticketsy.etc.): 

— Preparing statistics, per class and per 
category, of the number of tickets sold 
and corresponding receipts. 
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In the stations : At the central offices : 


4. Periodical checks. 


__ Periodical check of the tickets in the 
station stores and reserves Of. the 
booking clerks. 

— Checking the accounts of the distri- 
butors. 
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_— Checking the general purpose tickets 


with their stubs. 


— Examining the tickets collected. 
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Fig. 8. — Machine with the case removed. 
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All these administrative operations, Various German, Swedish and Ameri- 
which are essential for proper accounting, can firms have solved the problem of 
are with justice considered to be a neces- simplifying the issue of tickets, from the 
sary evil; they are not the only drawback, technical point of view, together with the 


Fig. 9. — Machine with case in position fastened to the table. 


however, of the system of preprinted accountancy, control and statistical ser- 
tickets. The room taken in the booking vices involved, by the use of printing and 
offices by the ticket racks is another recording machines in the booking offices 


drawback, especially in the case of large themselves. 
stations. Some of these solutions date from more 
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than 10 years before the second world 
war, whilst others were perfected during 
that war. 

Most of the European railways have 
equipped a limited number of their 
booking offices with machines of this 
kind. In Belgium for example 8 machines 
were in service in Brussels-Nord station 
since 1935. These were destroyed during 
the war in 1943, so that the problem of 
replacing them had to be faced at the end 
of hostilities. 


CHAPTER II. 


New solution. 
Use of printing and recording machines. 


During 1944, the S. N. C. B. became 
interested in a Belgian invention covering 
the construction of a machine to print the 
tickets in the booking office by means of 
zinc plates of the type used in adressing 
machines. In collaboration with the 
inventor, the’ Ss Ns CyB. perfected sa 
printing and recording machine which 
met its own particular operating require- 
ments in a practical and rational way. 

On the Ist April 1949, ten of these 
machines were put into service in Brussels- 
Midi station; afterwards another three 
machines were added. 


In addition, since the Ist June 1950, 
11 machines have been in operation in 
Brussels-Nord station. 


Consequently a total of 24 machines 
have been tested for some time under the 
heavy traffic conditions of important 
stations. 


The S. N. C. B. systematically corrected 
any defects revealed in service by the first 
prototypes, so that now these machines 
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have been perfected, and the S. N. C. B. 
has decided to mass produce them in its 
Electric and Signal Shops in order to 
generalise this method throughout the 
railway. 


A. Description of the machine (*). 


The printing and recording machine is 
of the adressing machine type. It consists 
(see fig. 8) of : 


—a metal stand (S); 


—a printing arm (B) with a lever to 
operate it by (P) and at the end of this 
a hammer (M) which carries the 
slides (G) intended to take the printing 
plates (C); 


—a device (D) to print the name of the 
departure station with the mark (index- 
letters) of the machine; 


—a moveable rail-dater (R); 


—a device making it possible to print a 
bar on which can be written the name 
of any destination for which the fare 
is the same as that to the destina- 
tion (s) on the ticket (not visible in 
the figure); 


—a red ribbon (r) to print the check 
showing the authenticity of the ticket; 


— a two coloured ribbon (b) for printing 
the ticket; 


— a black ribbon (n) to print the account- 
ancy recording band; 


— an accountancy recording carbon (A!) 
which leaves an impression on a dupli- 
cate band for checking purposes (A2); 


—an automatic winder (E) for the 


duplicate band; 


(1) This machine is patented in all countries. 
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—a device (N) printing the number of 
the ticket at the same time as the check 
mark; 


— a recording number on the bands (not 
visible in the figure); 


—a case (K) holding blank tickets, with 
a capacity of at least 200 tickets; 


—a device with keys (T) allowing the 
recording of occasional statistics; 
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The machine stands on a small table 
(fig. 9, H). 

That part of the machine which is 
below the stand is enclosed in this table. 
The control band with the records 
unwinds automatically and is completely 
inaccessible to the operator. 

The part of the machine above the 
stand is enclosed in a container of pleasing 
shape (fig. 9, Z). 


Fig. 10. — Box for holding plates. 


—an indicator (S!) showing when the 
bands come to an end; 
—an indicator (S2) showing when the 
supply of blank tickets runs out. 
A numbered safety lead seal prevents 
the internal mechanism of the machine 
from being tampered with. 


There is a window (F) in the container, 
to allow the plates to be inserted. 


The unwinding of the accountancy 
recording band can be observed through 
a window (V) made of plexiglass, in 
which there is a slot through which the 
ticket is ejected. 
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As soon as the container is lifted off, 
the printing arm of the machine and 
tickets are locked. 

In addition, an inner container protects 
the mechanism printing the tickets and 
the recording bands. 

Boxes of plates (fig. 10) to complete 
the equipment are stacked on the right 
and if necessary on the left of the operator. 


The capacity of these boxes varies 
according to the requirements of the 
booking office in question. There is no 
difficulty in having as many as 2 800 plates, 
although the most important booking 
offices of the S--N..G. By do not require 
more than a maximum of 800 plates. 


B. Description of the plates. 


The plates (fig. 11) are made of elec- 
trolytic zinc like those used in adressing 
machines. They have lateral V shaped 
rims which strengthen them and prevent 
them bending, as well as guiding them in 
the slides. There is a rim in front by 
which the plate can be held when filed 
vertically in the, boxes, which is also 
used to carry the label. 


The text carried on the plates by stamp- 
ing the zinc includes : 


Ist line 

2nd » names of destination station 
3rd_ » (4 at most). 

4th » 


Sth line — the index of the destinations 
on the plate, i. e. the mileage 
preceded by a series letter; 


— the cost of the ticket. 


6th line — a combination of two letters 
forming the index mark of the 
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machine. (This index figure is 
also reproduced at the top of 
the printing.) 


7th line — the characteristic of the ticket 
from the rating point of view. 
The plate shown in figure 11 
is a single rate ticket, 3rd class, 
D0 
The class of ticket is shown 
in the centre above the 6th 
and 7th lines of print. 


8th line — All the information to be 
printed by the plate on the 
recording bands (check and 
accountancy bands), i. e. : 


Indexes | Index no.}| Code (7) 
of destin- of for ticket} Receipts 
ation machine | Charac- 
teristic 
A 70 Na 2 49 — 


The plates are filed vertically in the 
boxes (see fig. 10). As will be seen, the 
frontal projection mentioned above is 
facing the operator. 


C. The working of the machine. 
To issue a ticket to a passenger, the 
booking clerck : 


— takes the plate for the journey in 
question out of the box; 


— puts the plate into the slide; 


(1) The code is printed by the plate on the record- 
ing bands in order that the receipts may 
ultimately be classified by class and category 
of reduction. 
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— presses the operating lever and thus 
prints simultaneously the wording on 
the ticket and the necessary indications 
on the recording bands, ticket and 
bands being numbered alike; 


— lets the printing block rise up again, 
thus automatically ejecting the ticket 
through f of figure 9; 


— hands the ticket to the passenger; 
— replaces the plate in its box. 


Fig. 11. — Plate. 


When the booking clerk has to issue a 
ticket with a bar, he presses on a regulator 
at the same time as he puts the plate into 
the slides. 

The speed at which such tickets can be 
issued is at least as fast as that obtaining 
with the old type of preprinted ticket. 


D. Shape of the tickets. 


The tickets are of the Edmonson type. 
The cardboard used is covered with a 
very sensitive colouring which disappears 
if a rubber or chemical ink eraser is used 
on it. The same colour is used for all 
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three classes. Certain details are printed 
in black, others in red. We show examples 
of tickets printed by these machines in 
figures 12, 13 and 14. 

The use of the machine does not ne- 
cessarily mean that the tickets must be 
like this. They can be varied as desired, 
each line of the plate having 13 letters 
or figures, and the ticket consisting of 
4 lines printed by arrangements in the 
machine and 7 by the plate. 


E. Recording bands. 


The recording band is printed in 
duplicate; the original is used for the 
station accounts and the duplicate copy 
as a control by the central administration. 

Figure 15 shows a recording band, 
giving the following details : 


1) the continuous order number of the 
record of the receipt; the same number 
is shown in red figures on the ticket; 


2) the information given on the last line 
Of the. plates uiac. & 


— the index of the destination; 
— the index number of the machine; 


— the number of the characteristic code 
of the category of ticket; 


— the price of the ticket, 1. e. the receipt. 


3) if necessary, in the right hand margin, 
there is a statistical number printed by 
operating one of the statistical keys on 
the machine (T, fig. 8). 

All the data given in columns 2 to 5 
of the recording band, i. e. those printed 
by the plate itself, can be adapted to the 
accountancy and statistical requirements 
of each railway. In this way the recording 
band can show the part of the receipt to 
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3 NEW TICKETS. 


Fig. 12. — Single full fare Fig. 13. — Single 3rd cl. Fig. 14. — 2nd class 
Ist class ticket for ticket at reduced fare return ticket to multi- 
multiple destinations, (75%) to multiple des- ple destinations, print- 
printed by machine tinations, printed by ed by machine No. Aa 
No. Aa. machine Aa. 


Part printed , . Part printed 
by the machine’s Part printed by the last line bij the occasional 
number plate of the plate statistics device 
Coil Cola Col. 3 Col. 4 Col. 5 Col. 6 
Index idex Charact- 
Continuous order No. Pees aot 3 ea Receipt Statistics 
ations of ticket 
62 800 A 100 Na / ©1357 
62 799 A 120 Na 153 6240 - 
627196. Bees Na 5 o19 4 
6257 9% A 70 Na 2 693 = 
62 796 A 85 Na dh 667 ~ 
C2195 ‘Ce ey Na 5 @4 5 fi 
62 794 iy GG) Na 9 @47 3 
cya Ace) A 65 Na 17 @64 6 
62 792 Bes Na 2 e9 9 
62a/o. A 30 Na 6 G6 5 dal 
62 790 A 26 Na ial. e19 10 


. 15. — Reproduction of a recording band. 


al 
qa 
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be allocated to other railways if the 
machine is used for through tickets. 


FP. Accountancy work 
in the station. 


The accountancy of the tickets sold 
merely means adding up the price of the 
tickets. 


This is done in the large stations by up 
to date adding machines, at the rate of 
3 500 items an hour. 


To make sure the addition has been 
made correctly, it is done twice; if the 
totals of the first and second additions 
do not agree, i. e. to within about 10 %, 
it is done again a third time. 


The total hourly output is therefore 
about 1 650 items an hour. In the case 
of a booking office having an average 
output of 360 tickets, the daily accounts 
only take 13 niinutes to do, i. e. 6 1/2 hours 
a month, which is appreciably less than 
the time now taken to do the accounts for 
fixed price tickets (periodical and monthly 
accounts), and checking these accounts, 

On the basis of a total sale of 6 700 000 
tickets a month over the whole railway, 
the time devoted by the station staff to 
ticket accounts is as follows : 


— at the present time : 
36 000 hours a month; 


— with these machines : 
4175 hours a month. 


The new system makes it possible to 
effect appreciable savings in the staff 
employed in the large stations and lightens 
the work in the less important stations. 


The bands can be added up day by 
day during the month, and the accounts 
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completed monthly without adding to the 
work. 


If several men have issued tickets from 
the same machine, it is easy to note the 
position of the numbering device when 
they took over from each other, and 
divide up the additions so as to ascertain 
the receipts per man. 


G. Statistics. 
1) Permanent statistics. 


a) Sales and receipts per class and 
category of rate. — The passenger rates 
on the S. N. C. B. are divided into 3 classes 
and 5 tariff groups, so it is essential to 
ascertain at more or less short intervals 
the distribution of the receipts and the 
number of tickets sold for each class and 
each rate. 


These statistics are obtained when the 
old accountancy methods are used by 
inserting the numbers of tickets sold by 
the stations and the corresponding receipts 
in. 15 different columns and analysing 
each of these columns for all the stations 
on the system. 

This could no longer be done with the 
recording bands on which the receipts are 
given in a single column, so it became 
essential to give each plate a characteristic 
index figure corresponding to the class 
and category of ticket being printed. The 
automatic reproduction of this index on 
the recording band enables the band to be 
analysed later on. 

This analysis, the extent and frequency 
of which may vary according to the period 
of the year and the requirements of the 
statistical department, is done on the 
S. N. C. B. by means of multiple compto- 
meters, one of which is shown in figure 16. 
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b) Passengers-km. — The S. N. C. B. 
can ascertain the number of passengers-km 
from the receipts by dividing the latter by 
the unit passenger-km receipt, as the rates 
are proportional to the distance. 


Jury 1951 


enabled the most varied statistical probes 
to be carried out as required. 

For example certain railways may 
require to know the receipts obtained from 
certain reduced fares for which they 


Fig. 16. — Multiple comptometer machine used to analyse 
the control bands. 


On railways where the receipts are not 
proportional to the distance it would be 
necessary to find the average distance per 
ticket by adding up the mileages given on 
the recording bands. 


2) Occasional statistics. 


By fitting the printing machine with 
statistical apparatus, the S. N. C. B. has 


receive compensation from the Govern- 
ment. To do so they merely have to mark 
the recording bands with a statistical index 
figure, and then analyse a certain number 
of bands. Such an analysis will only 
cost very little more; it can be done at 
the same time as the other analyses men- 
tioned under 1°, a, above. 
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H. Making the plates. 


Modification of the fares should the tariff 
be changed. 


The plates are made of electrolytic zinc. 
The stamping of text is done at the 
central office by means of a die stamp of 
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Figure 17 shows a stamping machine 
used by the S. N. C. B. C shows the 
carrier holding the plate to be stamped, 
and A and B the turning discs one of 
which carries the male and the other the 
female part of the dies. 


The text stamped on the plates can be 


Fig. 17. — Machine used for die stamping the plates. 


the same type as those used for the plates 
of addressing machines. However the plate 
carrier is specially built for these plates in 
view of their special shape (see chapter II, 
B, above). 


In addition the die stamps use a special 
type, special to the S. N. C. B. 


restamped at least six times by the die 
stamper. 


When a ticket printing machine is put 
into service, the station in question is 
provided with a complete set of plates 
showing the fares in force at the time. 
A second set of plates, without any fares 


w 
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stamped on them, is stored at the central to the central administration, which 
office, and when the rates are changed, effaces the old figures and stores the 
as soon as the new scale of charges has plates until they are required when the 
been approved, the spare plates are fares are changed once more. 


Fig. 18. — Booking office window with machine without its case, and 
boxes of plates. View taken from the interior of the booking office. 


stamped with the new rates and sent to This simple and speedy procedure is 
the station the evening before they come one of the greatest advantages of the 
into force. The old set of plates is returned new method of printing the tickets 
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I. Frauds. boration of its inventor has the following 


: : advantages : 
The S. N. C. B. has succeeded in fitting e 
these machines with effective safety 1. Simplicity and robustness of construc- 
devices. tion; easy maintenance. 


Fig. 19. — Booking office with machine. 
View from the passengers side. 


CHAPTER III. 2. Moderate price, so that it is possible 
to equip a great many stations with 
A. Advantages of the new method eTChencenineS 


unr: 3. Total suppression of the tiresome: 


From the above report it will be seen accountancy operations, the ticket 
that the recording-printing machine per- accounts being merely a matter of 
fected by the S. N. C. B. with the colla- adding up the prices. 
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4. 


= 


6. 


hs 
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Suppression of printing Edmonson 
tickets and holding stocks of such 
tickets in the stations. 

Suppression of controlling the stocks 
of tickets. 

Suppression of demand sheets for 
tickets. 
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8. Great facility for employing different 


men to operate the machine in the 
booking office, when the clerks work 
in shifts. 


9. Speed of distribution at least as fast 


as that obtained in the case of pre- 
printed tickets. 


Fig. 20. — Row of booking office windows. View from the interior 
of the booking office 


Possibility, should the rates be altered, 
of providing tickets showing the new 
rates, without erasure or surcharge, 
the first day the new rates come into 
force. 


10. Possibility of appreciably reducing the 


number of general purpose tickets 
(billets passe-partout), on the one 
hand by using a greater number of 
plates, the price of which is small, and 


Ea 


Juty 1951 


it: 


1: 


ee 


the space occupied small, and on the 
other hand by the use of the printed 
bar. 


The issue:of general purpose tickets 
slows down the issue of tickets and 
makes it necessary for the central 
Administration to carry out very strict 
controls. 


Practically unlimited possibility as 
regards statistics, thanks to : 


— the codification of the plates; 

— the use of key statistical printers; 

— the analysis of the record bands by 
means of multiple comptometers 


breaking down the different factors 
simultaneously. 


Possibility of modifying the scope of 
the statistics without changing the 
work of the stations. 


Reduction of the space required in the 
booking offices. 
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14. Modernisation of the aspect of the 
offices (see fig. 18, 19 and 20). 


15. Possibility of the booking clerk work- 
ing in a comfortable position. 


B. Future prospects. 


In view of the simplicity, the robust 
construction and the moderate cost of the 
machine, the S. N. C. B. has decided to 
equip all stations with an output of at 
least 2000 tickets a month with such 
machines. 


In this way, 780 booking offices in 
550 stations will be equipped with these 
machines. 

The other stations with a low output 
(less than 2 000 tickets a month), which 
number 560, will be supplied every month 
with tickets from a given neighbouring 
station equipped with the machines, which 
will make it possible to extend the advant- 
ages of the new method of issuing tickets 
to the whole of the system. 


[ 625 .14 (01 & 625 .2 (01 ] 


Wheel and Rail, 


(Continued* ), 
by P. LABRUN, (7) iy 


Former pupil of Delft Polytechnic, Assistant Chief Engineer Locomotive and Rolling Stock Department, Netherlands Railways 


Trial arrangement for determining the co- been carried out with a train of vehicles, 
efficient of friction between rail and wheel. to a scale of | : 5, as shewn in figure 42. 


With the aim of determining the co- The train comprises two vehicles, A and 
efficient of friction f” between rail and B. A has two axles, the wheels of which 


Essieu d essai 
charge. Al. 
Fig. 42. 


Explanation of French terms : 
Essieu d’essai = Test axle. — Charge N = Load N 


LEE IOSOGHTN, 
G2 LS 1a 


Single axle vehicle. 
Fig. 43. 


wheel in the case where the wheel, whilst have flanges, whilst B has a single axle 


rotating, slides transversely and longi- and wheels without flanges. The axle of 
tudinally at the same time, trials have vehicle B is the? tests axte: 


(*) See International Railway Congress Bulletin, for May 1951, p. 255. 
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120 
The set is located in a curve of 5 


= 24 m radius (measured at the centre 
line of the track) and running in the 
direction shown by the arrow. Vehicle B 
is coupled to a point D of vehicle A, so 
that the transverse force exerted at this 
point on vehicle A can be measured. The 
point M on which the trial axle pivots was 
determined by the HEUMANN method 
(see fig. 43) which gave the position of 
the point M as 36 mm behind the trial 
axle. 


We have : 


Ons 


Substituting the values mentioned in 
figure 43, we get : 


ae 


This set of vehicles was set in motion, 
applying various values as follows : 


a) angles of bearing for the test axle of 
0°, 0° 30’ and 1°; 

b) an axle load on rail of 81 and 241 kg 
and intermediate weights; 

c) test axle braked and unbraked. 

During the trials, the following details 
were recorded : 

1. the guiding force K; 


2. the degrees of slide or longitudinal 
skid of the two wheels of the test axle; 

3. the curves described by the two 
points D and E whilst running through a 
curve. 
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Ss 1 
onl sexe ee . 
8 as PALL Hal ast SS) Esa 
x awe : 
Say | / t yerle | ges Se | 
A 
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Q,/5— 
YL 2 % 
O72 
ae \ 
8 | 
S47 T 
RS 
S 2,%0 =| =I 
S 
70 20 30 
Pourcentage ae Jreilage 
Fig. 44. 
Explanation of French terms : 
Véhicule a un essieu, 17@ série des essais = Single axled 
vehicle, ist. series of tests. — Coefficient de frottement 
f" = Co-efficient of friction f”. — Pourcentage de 


freinage. = Brake percentage. 


The force P is calculated as a function 


of the guiding force K, from which is 
obtained the co-efficient of friction : 


2,79 


eS 
5 


re 
8 
S 


S 
a 


s 
3 


free Comment 


S 
S 


G officienl de 
S 


I 
0,70 I. | = 
cael il 
iS TOM SLO LS SO, 


Poarcenta ge ae Jrtiaage 


Fig. 45. 
Explanation of French terms : 
Véhicule 4 um essieu, 2° série des essais = Single axled 
vehicle 2nd series of tests. — Coefficient de frottement f” 


= Co-efficient of friction f”. — Pourcentage de freinage = 
Brake percentage. 
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TABLE X. 
Single axle vehicle. — Test axle not braked. 


Initial 
position 
of test 

axle 


Guiding | Frictional 


Axle load force force 


friction 


Slide (—) or Slip (+) | Distance of the centre 
after 5 turns of the line of the track 
wheels from the point 


ae 
P=43KiS SiN 


++ 


+4+4 


++++++ 


The trials were repeated after an 
interval of two months. 

The results of the first series of tests 
are contained in Tables X and XI, and 
those of the second series in Tables XII 
and XIII. These results are shewn 
graphically in figures 44 (first series) and 
45 (second series). 

The following conclusions 
drawn : 


can be 


By causing vehicle B to be moved 
forward by vehicle A, the test axle takes 
up an almost radial position, even though 
the axle is originally located at an angle 
on the track. Vehicle B moves forward 
at first in a certain oblique position in 
relation to the test axle, in such a way 
that the centre of the axle does not remain 
on the centre of the track but moves 
towards the outside for a certain distance 


itial 

sition 
test 

xle 


Axle load 


TABLE XI. 


Single axle vehicle. — Test axle braked. 


Brake block pressure 


Co-effic. 


of 


friction 


Slide (—) or Slip (+) 


after 5 turns 
of the wheels 


Distance 
of the 
centre line 
of the track 
from the point 


0° 81 2.0 459) 05 
113 28 4.5 | 0.5 
145 4.6 19.8 0.1360 lee 46 ged | oe eS 
145 ae 15.9 Os 16m eet? Oj 2S-) OS 
145 27 15.9 O:110 a) pe?) see =r 100k |e SS 
177 5.7 24.5 0:139m) (ae 39 root | ed See Os 
177 5.0 0.121 = 7%) O45 ae0.s 
177 4.2 01020) |e 42 0) |e4 Sa OS 
177 4.2 O102.8 | (== dena) dan oa 
209 Te Sep ey ae | WS 
209 6.0 Nb GP eee mee 4.5 | 0.5 
209 5.0 0.103 | — 42 Om (a4 ae 05 
209 5.0 ONC ef ES eS ON S| 06 
241 7.4 i132" | ee soles eee Se ed Same 
241 6.4 OUitay |e = 402 eee nes RO 
241 oe 0)10308 |= 42 6) | 4510005 
241 8 O03 | es 4a ree er a4 Sine 

30' 81 22 27 O06. + [use 60.9 res 18 onl) (Sema 0S 
113 30 27 0106. |b 60.. Pe 18° |515> aget0.5 
145 38 26 O110g) be S400 ee 1m et eS 
177 46 26 0/1029 |e 480 eect Gm | a Sema O'S 
209 54 26 O05en ena ip es | OS 
241 62 26 


PADAAAADNPARANWwWAN LD 
CORROOORNNONUNADRDS 


G3 
ae 
mS 
ees 
44 
ee i 

0 
+ 6 
ses A 

0 

2 


21 
21 
21 
21 
21 
AI| 
21 
Dil 
21 
Zl 
21 
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TABLE XII. 
Single axle vehicle. — Test axle not braked. 
Initial > Slide (—) or Slip (+) Distance of the centre 
Batten eiaload Guiding | Frictional Be ©. | after 5 turns of the line of the track 
of test a te force force fiction wheels from the point 
axle 
one | 
N K P=43K| f" = N| outer inner E D 
— kg kg kg a mm mm mm = mm 
Se ee eee 
0° 81 3.5 1521 0.182 — 31 ae iil + 45 | — 0.5 
113 4.8 20.6 0.183 — 31 ae iM + 45 | — 0.5 
145 6.1 25.8 0.181 —— 31 ae il + 45 | — 05 
177 We 31.4 0.181 = 3 + 8 + 45 | — 0.5 
209 8.7 37.4 0.179 — 37 eS) + 45 | — 0.5 
241 10 43 0.178 — 36 + 6 + 45 | — 0.5 
0° 30’ 81 3.5 Sal 0.182 — 25 ae 17 + 15 + 10.5 
113 4.8 20.6 0.183 — 22 sp AY + 15 + 10.5 
145 6.1 25.8 0.181 — 23 ++ 19 + 15 + 10.5 
177 3 31.4 0.181 == 25 + 17 + 15 + 10.5 
209 8.7 37.4 0.179 — 26 + 16 + 15 + 10.5 
241 10 43 0.178 — 26 + 16 35 115 + 10.5 
1° 81 3.5 115), 0.182 — 19 He 23) + 26 Si al 
Wile 4.8 20.6 0.183 — 20 ale 2 + 26 + 21 
145 6.1 25S 0.181 — 20 +22 + 26 + 21 
177 Ue 31.4 0.181 — 19 se a} + 26 ae Al 
209 8.7 37.4 0.179 — 20 + 20 = 26 +-- 21 
241 10 43 0.178 — 20 + 20 +> 26 => 2 


when the axle will continue to run on its 
course. The distances of the points D 
and E from the centre line of the track 
are noted in Tables X to XIII, these 
distances being determined by the vehicle 
itself. 

Figure 46 shews a reduced image of the 
curves traced by the point E. 

The results allow the following deduc- 
tions : 

1. The standard and state of the track 


influence to a large extent the co-efficient 
of friction f”. From the first series of 
trials, the overall value of f” was 0.15, 
from the second series 0.18. 


2. The co-efficient of friction does not 
depend on the wheel loading. 


3. On the axle braked with the following 
ratio : 


ratio 


brake block 


weight on rail 


itial 


Brake block pressure 


TABLE XIII. 


Single axle vehicle. — Test axle braked. 


Co-effic. 


Slide (—) or Slip (++) 


Distance 
of the 
centre line 


sition of after 5 turns 
a peas friction of the wheels eee 
1 |) 1B) 
3 _ | +tow. outside 
_ Pe NS towcnside 
——- kg mm mm mm | mm 
0° 81 22 Dif 2.4 10.3 0.127 — 63 — 21 + 4,5|\— 0.5 
113 30 Dif 3.4 14.6 0.129 — 6l = I) + 4,5|— 0.5 
145 14 OF 52 22.4 0.154 — 38 + 4 + 4.5|\— 0.5 
145 22 iB? 4.6 19.8 0.137 — 42 0 + 4.5|\— 0.5 
145 38 26 4.3 18.4 0.127 — 55 13 4.5 0.5 
GT 14 7.9 6.5 28.0 0.158 — 39 + 3 + 4.5|— 0.5 
a 22) 12.4 6.0 2S 0.146 — 42 0 + 4,5|\— 0.5 
Aa 30 Lz. 5.4 DED) 0.131 — 42 0 + 4,5|\— 0.5 
177 46 26 Bye! 21.9 0.124 — 44 D2 + 4.5|— 0.5 
209 14 6.7 7.8 Bo.) 0.160 — 39 + 3 + 4.5|\— 0.5 
209 22 10.5 We®) 31.4 0.150 — 43 — | + 4.5|— 0.5 
209 30 14.5 6.8 29.2 0.139 — 42 0 + 4.5)— 0.5 
209 54 26 6.2 26.6 0.127 — 42 0 + 4.5|\— 0.5 
241 14 5.8 9.2 39.5 0.164 — 39 + 3 + 4.5|— 0.5 
241 22 9.1 8.6 37.0 0.153 — 40 + 2 + 4.5|\— 0.5 
241 30 1225 8.2 B5e2 0.146 — 42 0 + 4,5|— 0.5 
241 5862 26 7.0 30.0 0.125 — Ay 0 + 4,5\— 0.5 
30’ 81 22 27 2.4 10.3 0.127 == — 18 +15 |+10.5 
113 30 27 3.4 14.6 0.129 — 60 — 18 +15 |+10.5 
145 38 26 4.3 18.4 0.127 — 54 — 12 +15 |+10.5 
WA 46 26 Sl 21.9 0.124 — 48 — 6 +15 |+10.5 
209 54 26 6.2 26.6 ON27 — 42 0 +15 |+10.5 
241 62 26 7.0 30.0 0.125 — 44 — 2 +15 |+10.5 
1° 81 22 27 2.4 10.3 O12 728 ea 62 0 20 eon 
113 30 27 3.4 14.6 05129. [== 60) tee eo eT 
145 14 9.7 5.2 22.4 (540 36m eee aon 
145 22 15.2 4.6 19.4 O13 7a lees 41 lie ON 
145 38 26 4.3 18.4 0; 12 Tigh | eu 10 ot GMT 
wai 14 7.9 6.5 28.0 0.158 — 30 + 12 +26 |+21 
177 Pip 12.4 6.0 25.8 0.146 — 39 + 3 26 21 
177 30 17 5.4 232 0.131 — 43 | — 1 +26 |+21 
177 46 26 ail! 21.9 0.124 — 46 — 4 +26 |+21 
209 14 Oni 7.8 33.5 0.160 — 34 + 8 +26 |+21 
209 22 10.5 Ue 31.4 0.150 == oie + 4 +26 |+21 
209 30 14.5 6.8 29.2 0.139 — 41 + 1 +26 |+21 
209 54 26 62 26.6 O27 — 4) 0 +26 |+21 
241 14 5.8 9.2 39.5 0.164 — 36 + 6 +26 |+21 
241 2D) 9.1 8.6 37.0 0.153 — 38 = +26 |+21 
241 30 1255: 8.2 Sy? 0.146 — 42 0 +26 }+21 
241 62 26 7.0 30.0 0.125 — 40 + 2 +26 |+21 


Position obligue initiate 
de lessieu d'essai 


Gue ae la voie 


. longitudinal scale 1 
Ratio = 
transverse scale 8 
Single axle vehicle. Curve followed by point E (see fig. 42). 
Fig. 46. 
Explanation of French terms : 
Position oblique initiale de l’essieu d’essai = Initial oblique position of test axle. — Axe de la voie = Centre line of track. 
ae 


YaP NS 


‘s 
Essi@ur @ essai 
Charge par essiew - 


Fig. 47. 
Explanation of French terms : 
Esieux d’esssai = Test axles. — Charge par essieu = N = Load per axle = N 


dl Earl BS 
WLLL LL LLL 
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(760+376)P = 970K 
Pelok 
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Fig. 49. — Two axled vehicle. 


at 26-27 %, the value of the co-efficient 
of friction f” is lower than with the 
braked axle. In this case, the value of 
the co-efficient of friction f” is lower 
than with the axle not braked. In this 
case, the value of the co-efficient of 
friction f” is independent of the load on 
the wheels. The values of f” are nearly 
OFLOzand: 0;125: 


4. The values of the co-efficient of 
friction f", for an axle with a braking 
force arranged to increase progressively, 
should have a co-efficient f” which pro- 
gressively decreases. 


5. Tables X to XIII shew that the 
co-efficient f” is reduced almost propor- 
tionately from 0.15 to 0.10 and 0.18 to 
’ 0.14 if the brake proportion increases 
from 0 to about 15 %. With a brake 
percentage in excess of 157%, the co- 
efficient f” is greatly reduced. 


6. In a 24 m radius curve (measured 
at the centre of the track) the outer wheel 
of the unbraked axle slides whilst the 
inner wheel slips along. The slide of the 
outer wheel is always stronger than the 
slipping of the inner wheel. 


7. In the same curve, the sliding of the 
outer wheel of the braked axle increases 


and the longitudinal slipping of the inner 
wheel decreases in such a way that the 
inner wheel no longer slips and the 
slipping is changed to a slide. 


Coefficient de frottcment f 


10 20 30 
Pourcentage we Neinage 
Fig. 50. 


Explanation of French terms : 
Véehicule a deux essieux = Two axled vehicle. — Coeffi- 


cient de frottement f = Co-efficient of friction f. — 

Pourcentage de freinage = Brake percentage. 

In order to obtain additional figures, 
the tests were repeated with a set of 
vehicles, of which vehicle B was fitted 
with 2 axles, as in figures 47 and 48. One 
of the axles was fitted with a transverse 
equaliser to ensure a constant distribution 
of the load on the wheels. 
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TABLE XIV. 


Two axled vehicle. — Test axles not braked. 


Distance of the cen 
line of the tracl 


Slide (—) or Slip (+) 
after 5 turns of the wheels 


ae geet -effic. from the point 
ape. Guid. | Frictional mage. s 7 3 
positi Bes 
Re vet force force friction eadine oe | 


axle axle axle 


+ tow. outside 
— tow. inside 


Be mlesekey aa 


N outer 


a — 10 0 
+ — 10 0 
= — 10 0 
+ — 10 0 
+ — 10 0 
75 des) ills) 0.18 — 24 + 18 ' — 14 sy 8) 0 + 14. 
107 10.8 19.4 0.181 — 24 qe) 8 — 16 aie AS 0 + 14 
ei) 14 Psy 7) 0.181 — 24 se ls — 15 Sie 0 + 14 
171 17 30.6 0.179 — 24 ae IS — 14 ae ts 0 + 14. 
203 | 20.4 36.8 0.178 — 24 +18 | — 15 2 il 0 + 14 


+++++ 


+++++ 


The position of the frictional pivot was also in the case where the axle originally 
again determined by the HEUMANN me- had an oblique position (see fig. 51). 
thod (see fig. 49). 

The results obtained are shewn in -Tial arrangement for determining the 
Tables XIV and XV and, graphically in UENDOIE SS force liable to cause the 
figure 50. derailment of an axle. 


It is shewn by the foregoing that the 
results obtained by this set of vehicles 
correspond exactly to those obtained with 
the set mentioned earlier. 


In order to determine the value of the 
transverse force causing derailment of an 
axle, a set of three vehicles was built to 
a scale of 1:5 actual size (see fig. 52). 


Furthermore, vehicle B took up an 
almost radial position, in this case and 


The two outer vehicles are two-axled and 
connected by a frame G and a yoke H. 


TABLE XV. 


Two axled vehicle. — Test axles braked. 


a 


Brake block ere, of 
pressure Slide (—) or Slip (+) Le nee 
aE after 5 turns of the wheels line of the 
nitial track from 
a sa mage Guid. | Frictional| ©O-efe- the point 
n | of wheel | force force f {e 
.° load riction leading rear B 6 
axle axle 
: | : -+tow. outside 
N K PTR Kf = outer | inner outer | inner | | Soanas 
0° TB 13 73} 5.5 — 37 5 |— 32! + 10}]— 10 0 
WS DES 30 5 — 46|— 4/— 48;— 6]— 10 0 
107 13 121 8.8 ==> Si 5|— 37|/+ 5];— 10 0 
107 DBE Pal led! eS 39 3 32|+ 10 10 0 
107 Bel 30 WD 50 8) 52 10 10 (0) 
139 13 9.4 11.9 — 40/+ 2)— 34/+ 8]— 10 0 
139 Bal Dow) 9.5 == AD 0 |— 40;+ 2/— 10 0 
139 41.7 30 9.2 52 10 5$4|— 12 |}— 10 0 
171 13 7.6 152 — 35} + 7)— 27|+ 15}|— 10 0 
171 DDS) 13en B}e7/ == 42 0 36|+ 6 10 0 
171 41.7 24.4 11.6 — 4) OF e242 o |—10 0 
NFA Si 30 11.6 52 10 Sy |= ts |= 1 0 
© 30’ 15) iN} 3 35) — 37/+ 5|— 30/+ 12 0 |+14.4 
75 DOES 30 5 45) ——= 341 48 6 O |+14.4 
107 13 ilP2ai 8.8 — 39+ 3)/—35|/+ 7 O |+14.4 
107 Doe ON tel US — 37/+ 5|— 32|)+ 10 0 |+14.4 
107 32 el 30 WP 50 | 8 52 |— 10 O |+14.4 
139 13 9.4 11.9 mew 8 Ne ae ad ee 3 n|t=t= aed O |+14.4 
139 Boal 23.2 9.5 = 2) O Peau pee il O |+14.4 
139 Ailey) 30 9.2 Sw 10 54 | — 12 0 |+14.4 
171 13} 7.6 1522 37|+ 5 29 | + 11 O |+14.4 
171 WS yal B79 — 42 0 |/— 38/+ 4 0 |+14.4 
iL7fil 41.7 24.4 11.6 40;+ 2 42 0 0 |+14.4 
171 Silus} 30° 11.6 52) 10 58 16 0 |+14.4 
1° 1 13 17.3 55 — 38;/+ 4/]— 32|}+ 10}+ 10/+28.8 
qs 225 30 5 44 2 48|— 6 10 |+28.8 
107 13 Pi 8.8 — 38;/+ 4 Sse ts || se TO) Sas 
107 225 21.1 Hes 38; + 4 33+ 9 10 |+28.8 
107 Bl 30 IP 50 8 Sy 10 10 |+28.8 
139 13 9.4 11.9 40;+ 2 38a 4 10 |+28.8 
139 Boel 23 9.5 — 40/+ 2)|— 42 O }|+ 10 /|+28.8 
139 41.7 30 9.2 P| 10 54 12}+ 10 |+28.8 
171 13 7.6 152 — 39/+ 3)— 30/+ 12 10 |+28.8 
171 22S 13.1 Ie — 40| + 2/— 37/+ 5]+ 10 |-+28.8 
171 41.7 24.4 11.6 | 
171 51.3 30 11.6 11 | 
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| Position oblique initiale ; 

de l'axe longitudinale du vehicule 
Ye” 

ye 


Fig. 51. 
Lae: 1 
Ratio longitudinal scale _ i 
transverse scale 8 


Fig. 51. — Two axled vehicle. Curve followed by point E (see fig. 47.) 


Explanation of French terms : 


Position oblique initiale de l’axe longitudinale du véhicule = Initial oblique position of the longitudinal axle of the vehicle. 
— Axe de la voie = Centre lin: of track. 


Figa 52. 


IY 


A ‘ VEE 
Wk 
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The middle vehicle C has one axle and 
can be displaced transversely. The 
direction of transverse displacement is 
determined by the slide links D and E 
which can be arranged in an oblique 
direction. The middle vehicle C can 
therefore be set in an oblique position in 
relation to the outer vehicles and displa- 
cement can be arranged to a particuiar 
angle. All the wheels have flanges reduced 
to a scale similar to that of the vehicle. 
Transverse displacement of the vehicle is 
by means of the crank K. The value of 
the force of transverse displacement can 
be measured by a dynamometer. The 
focal point of the force exercised on the 
middle vehicle is located at the level of 
the running surface of the rails. 

The above mentioned set of vehicles 


4 
Rail neuf Rail use 
Fig. 54. 
Explanation of French terms : 
Rail neuf = New rail. — Rail usé = Worn rail. 


was moved forward on an aligned road 
at a reduced speed (3 to 5 km/h) with 
various angles of bearing of the axle J 
of the middle vehicle. The trials were 
carried out with three different tyre 
profiles, i. e. the faces of the flanges were 
at 60°, 70° and 90° and with two rail 
profiles (new and worn) as shewn in 
figures 53 and 54. The load on the trial 
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axle was applied on the two wheels and 
on the bearing wheel only. In the latter 
case the other wheel was completely free 
from loading. 

The results obtained during these trials 
are shewn in Tables XIV and XV and 
are shewn graphically in figures 55 to 58. 


From these results we note that : 


1. The transverse force Y, which causes 
derailment at the running speeds realised 
(3 to 5 km/h) depends on the tyre profile, 
the rail profile, the angle of bearing and 
the load on the rail. 


2. The ratio 5 in the case of loading 


of the two wheels and rails with new 
profiles is located between 1.4 and 0.5 
and for worn rails between | and 0.45, 
whilst in the case of loading the bearing 
wheel only and rails with new profiles 
the ratio is between 2 and | and with 
worn profiles between 1.5 and 1. 


Na 
Briefly it is shewn that the ratio ~ is 


Q 
less when two wheels are loaded than 
when a single wheel is loaded, that is to 
say, the transverse friction of the second 
wheel is active, tending to derailment. 
This is a practical demonstration of the 
thesis set out in the first part of this 
article. 

3. The transverse force Y decreases and 
the risk of derailment increases for a 
greater angle of bearing. 

4. In the case of rails with a new profile, 
a flange face angle of 90° is the most 
favourable, with 60° next and 70° as the 
most unfavourable, whilst in the case of 
worn rails the flange face angle of 60° is 
the best with 90° next and 70° as the 
most unfavourable. 
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(Q= 


Charge © a: 
2 roues |t roue 


Profil du bandage et 


du champignon du rail du champignon du rail 
1}2/314)5/6}]7/8] 9/Ialih2 1]2/314)5|6]7/8) 9 lati f2 
XY. 66657075 rS9d659 S6a70y 
9 N]U|N/U NIU|N}U) N]U}N]U NIU N/U)NU|N|U)N/U)N)U) 
1 et =} 


Charge Qa: 


160 kg}Q=80 kg) 
Profil du bandage et 


a 


| 


XC 
‘ey 

Angle d? attaqueo> Angle d’attaque=l° 
20 


Onda ao 


| 09 
ao 


N=rails 
U —rails 


neufs ; : 
eas }voir les figures 53 et 54 
eras : 
Graph of ratio 0 at which derailment occurs. 


Fig. 55. Fig. 56. 


Explanation of French terms : 


Charge Qa : 2 roues(Q = 160kg), 1 roue (Q = 80 kg) =:Load Q on 2 wheels (Q = 160 
kg), 1 wheel (Q = 80 kg). — Profil du bandage et du champignon du rail = Profile 


of tyre and head of rail. — Angle d’attaque = Angle of bearing. — N = rails neufs 
N = new rails. — U = rails usés = U = worn rails. — voir les figures 53 et 54 = 


See fig. 53 and 54. 


SYR: wheel and rail f was determined for 
5. The ratio — in general decreases as : 


the axle load increases. 


The co-efficient of 


various rates of loading by displacing the 
full set of wheels transversely on the 


track. During these trials an average 
friction between value of f= 0.25 was recorded. 


Charge de chaque roue 80 kg Charge d’une roue BOkg 
(Q= 160 kq) (Q 80 kg) 


ioclinaison| A 
du Hone proti l du 
boudiny rail 


inclinoiso - 

du flare! profil du 
du A 

boudin rail 


0,2 =F 7 t “A 
o plat bs Low emo Pee ld 

1S 30 Iie YOY Pi 15’ 30’ 12 e305 22. 
angle d attaque angle d attaque 

; ' ; ne 

Graph of risk of derailment at various ratios — and different angles of bearing. 
Bigeeois Fig. 58. 

Explanation of French terms : Explanation of French tarms : 

Charge de chaque roue 80 kg = Load on each wheel 80 kg. Charge d’une roue 80 kg = Load on one wheel 80 kg. — 
Inclinaison du flanc du boudin = Inclination of fice of Inclinaison du flanc du boudin = Inclination of face of 
flange. — Profil du rail = Profile of rail. — Neuf = new. flange. —- Profil du rail = Profile of rail. - Neuf = new. 

Usé = worm. Angle d’attaque = Angle of bearing. — Usé = worn. — Angle d’attaque = angle of bearing. 


Balancier 


Balancier seulement & gauche 


adroil el & gauche 


Achéma de la Suepension 


Bigs 59) 
Explanation of French terms : 
Avant = Front end. — Balancier a droite et 4 gauche = Equaliser, right and left. — 
Arrigre = Rear end. — Balancier seulement 4 gauche = Equaliser, left only. — 


Schéma de la suspension = Diagram of suspension. 
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Full-scale trials with a three-axled tender 
to determine the transverse force of 
derailment. 


In order to determine the value of the 
force K which must be exerted by the 
flange of a wheel bearing on the rail to 
cause this wheel to become derailed, 


JuLy 1951 


trials were undertaken with a three-axled 
tender (see fig. 59). For the purposes of 
these trials, the middle axle was provided 
with transverse play by a suitable arrange- 
ment of the oil axleboxes and the horn 
slides and arranging the suspension arms 
so that they could take up the movement 
of the axleboxes. In addition, the axle 
could take up an oblique position up to 
an angle of 2°. 

Equalisers were fitted between the 
suspension springs (two on the left-hand 
side and two on the right-hand side) so 
that the axle load could be fixed statically. 

Trials were made with the tender empty 
and loaded. 

Lateral force was applied by means of 
the arrangement in figure 60. 

This comprised two discs, A and B, 
one of which bore on the wheel and the 
other on the rail. The discs were housed 
in the levers C and D, linked at each 
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end by the bars E and F. A volute spring 
was also housed in the bar F. Levers C 
and D were suspended from and articul- 
ated with the rods G and H, rod G to 
the axle and rod H to the frame. 

To the outer face of one of the wheels 
was fitted a packing piece J, shaped so 
that the disc B, running on this packing 
piece, could tension the spring K. The 
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and with new, half-worn and fully worn 
rails as in figures 61 and 62 and also with 
angles of bearing of 30’, 19, 1° 30’ and 2° 
and axle loads of 2 700 and 4900 kg. 
It may be remarked that the forces 
exerted by the two discs were not located 
in the same horizontal plane (difference 
in heights : 30 mm) and that, in these 
conditions, the pressures on the rail from 


Fig.62 


Fig. 62. 


Explanation of French terms : 


Neuf = New. — Demi-usé = 


spring was calibrated so that a given 
amount of compression could be related 
to a certain force. The spring was then 
compressed until the resulting force caused 
the flange to mount the rail. At this 
moment, the value of the force was 
recorded and the value of the desired 
lateral force Y could thus be fixed. 
These tests were carried out at a speed 
of about 5 km/h with tyre profiles having 
flange face angles of 54°, 60°, 70° and 80°, 


Half worn. — Usé = Worn. 


the left and right-hand sides varied by 
about 2 %. 

The results of these trials are shewn 
graphically in figures 63 and 64. They 


Ys 
shew that the value of the ratio — 


decreases : 


a) as the angle of bearing increases; 


b) with side wear of the rail head 
(very small only); 
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4 Yy Cnaroe par roue 
re Gl abookg eae 
ur duhovdi ea 


Z 


80° 


{ Non détaillement 


a ies 
| 


ab 


o4| 2 


1 


Angle daitagye 20" 0! 
Force laterale 0: Charge par rove 
Fig. 63. 


Explanation of French terms : 


Inclinaison du flanc extérieur du boudin = Inclination of outer flange. — Charge par roue = 
Load per wheel. — Déraillement = Derailed. — Non déraillement = Not derailed. — 
Angle d’attaque = Angle of bearing. — Y = force latérale = Y = Lateral force, — Q = 
Charge par roue = Q = Wheel load. — 1. Rail neuf = 1. New rail. — 2. Rail demi-usé 
= 2. Half worn rail. — 3. Rail usé = 3. Worn rail. 
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Charge par rove Charge par rove 
P:4900ko "G rboke 


y) 
Anole d’attaque 


Fig. 64. 


Explanation of French terms : 


Rail = Rail. — Charge par roue = Wheel load. Neuf = New. Demi-usé = Half 
worn. Usé = Worn, Angle d’attaque = Angle of bearing. 
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c) with a reduced lateral angle of the 
flange; 
d) as the wheel load increases. 


It is worth pointing out that the force 
used not only forced the flange of one 
wheel over the rail, but also caused the 
transverse sliding of the other wheel on 
the rail. 

It was not possible to force the flange 
over the rail with a bearing angle of 0°. 

The co-efficient of friction, at rest, of 
the tyre on the rail reached a value of 
0.35 during the trials. 
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1. a down gradient, designed to give 
the vehicle a certain speed. A speed of 
more than 60 km/h was reached; 


2. a level section to serve for the 
derailment trials; 


3. an up gradient, to destroy the 
kinetic energy of the vehicle. 

The arrangement is shewn diagram- 
matically in figure 65. In carrying out 
the trials, the vehicle was run by gravity 
from the summit of the down gradient 
over the level section and the speed 
dissipated in running up the opposing 


mesures en metres 


aréte dans la vole 


Fig. 65. 


Explanation of French terms : 


Rampe = Up gradient. = Pente = Down gradient. — Mesures en métres = Measurements in metres, — 
Aréte dans la voie = Bend in the track. 


Trial arrangement for determining the risk 
of derailment at high speeds. 


To enable consideration of the danger 
of derailment of a vehicle at high speed, 
a trial arrangement was constructed to a 
scale of 1 : 5, comprising a section of rail 
track on which a model vehicle ran at 
high speed. 

The length of the track was divided 
into three parts, viz : 


slope. To derail the vehicle on the level 
section, the track is here given a sharp 
bend against which the vehicle comes 
into contact with the rail at certain angle 
of bearing. For this purpose the track 
can be adjusted to give an angle of thrust 
wi) 1) 3, 


To determine the speed of the vehicle 
at the moment of derailment, a steel wire 
was run around a drum T located at the 
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top of the down-gradient. When the installation after derailment on the level 
vehicle runs down this slope the drum is _ section, two wedges are fitted in front of 
made to rotate by the wire. The speed a horizontal guiding disc, whilst on both 
of the vehicle is proportionate to the sides of the up gradient protecting walls 


s 


s 

Coupe a travers l'essieu avant Coupe a travers 
l'essieu intermédiaire 
et l'essieu arriére 


C = Centre of gravity of the vehicle. 


Fig. 66. 

Explanation of French terms : 
Coupe 4 travers l’essieu avant = Section through leading axle. — Coupe a travers 
Vessieu intermédiaire et l’essieu arriére = Section through middle and trailing axles. 


rotary speed of the drum; to establish the are erected to guide the derailed vehicle. 
latter, the drum shaft is coupled to a The vehicle was first built with two 
locomotive speed indicator. axles and later modified to three axles 

To prevent the vehicle falling off the (see fig. 66) as it was difficult to load the 
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A V chicule 
Maquette Angle dattaque en stan 
deur ree 
a4 sq itess¢ 
ae ef ol : 
Uns k <> 
86 : 


PAN NNN7 
z| Took 
"| 2 PRS 


T 40 [NAAN 89 


| 60 Kg 1384 


essigu rigide 
1,875 tonnes 


RN 
Pees ISS NSS Ne 
58 KYA A130 | 
£Ts0 ANAMSAAW 

R [a7 ARYANS 


essieu rigide 
9625 tonnes 


Fee NASON Nol 
eS Sh 
LINZGAZHAIEs 
54 hk VL 
SLE 


essieu rigide 


“ 
SJ 
c 
c 
° 
- 
w 
n 
m 
a 


déraillement RAAN  non-déraiilement. 


Fig. 67. 
Explanation of French terms : 

Maquette = Model. — Effort de rapport = Recoil effort. — Charge de l’essieu 
avant = Load on leading axle. — Vitesse en km/h = Speed km/h. — Angle 
d’attaque = Angle of bearing. — Véhicule en grandeur réelle = Full size vehicle. — 
Essieu rigide = Axle fixed. — Déraillement = Derailment. — Non- déraillement 


= No derailment. 


leading axle sufficiently lightly to cause housing in the frame of the vehicle, which 
derailment. can be displaced transversely and restored 


The leading axle, which is the one to a central position by means of a coil 
intended for derailment, has a special spring. 
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charge 
Vessje S 
advan 


Ba aaa 


95 kg 


BS 


We 


| 
© i 


400 
aN 


AMA 


eae abl 
ean ace 


RAY 
REEWN Z 


eee 
[oe 
Le 
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ULL ZA 


ger 


KN 


54 es 5/361 $0 G50 
aL22 LE Ie) 4 12 | 
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SENSNGNSN ITEM! 
SARAANAWN 2] 


sal solsol/s0f 141 _| 
4 eae 
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| 47 KN CAAT 


SOAS 
IRZORLS Soniosainaon 
EEL NNSNAA ANN ET 


= 
LINDE 
7 


9,625 tonnes 


(AAA ZA 130 _| 


sols 96 | 


Pear 


RSASNS non —déraille ment 


The numbers shewn in the hatched portions are the maximum tensions of the return spring. (For the 
explanation of the French words, please see fig. 67). 


Fig. 68. 


The tension of the recoil spring is 
adjustable, whilst by making the housing 
rigid, the transverse movement can be 
completely eliminated so that the axle 
becomes rigid. 


Transverse movement of the leading 
axle is recorded, which allows, except in 
the case of momentary shock, the force 
with which the axle is thrust transversely 
to be deduced, and the bearing force of 
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Angle d’attaque 
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The numbers shewn in the hatched portions are the maximum tensions of the return spring. (For the 
explanation of the French words, please see fig. 67). 


Fig. 69. 


the axle against the rail to be determined, longitudinal equaliser with variable trans- 
at least in total. mission, so that constant distribution of 

The intermediate and rear axles have the wheel load is ensured for any initial 
a transverse equaliser. The two transverse position whatsoever (load fixed statically). 


equalisers are in turn conjugated by a Under the vehicle is fitted a wooden 
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slide, which moves on a wooden plank 
fitted on the track centre line of the up 
gradient and by which the vehicle is 
braked to a stand. Whilst running up 
the gradient, the vehicle is lifted slightly, 
so that the wheels are no longer in contact 
with the rails. 


The friction of the wheels in rotation 
is thus changed to the plain sliding friction 
of the wooden skids. By means of this 
device the height of the up gradient is 
kept to a minimum and the vehicle does 
not run back from the highest position 
reached. 

To determine whether the vehicle is 
derailed, which it is not possible to do 
visually owing to the high speed of the 
vehicle, a recording device has been 
provided above the position where derail- 
ment can be produced. By means of this 
a line is traced on a paper band fixed 
to the vehicle to provide a record of its 
exact behaviour... 


The principal dimensions of the three- 
axled vehicle are as follows : 


Gauge of track : : 287 mm 
Lateral play of axle in track. . 2.2 mm 
Weight of leading set of wheels, 
including the housing for la- 
feralidisplaceiments een seme 42.Ke 
Weight of each set of wheels . 18.5 kg 
Total weight of vehicle 265 kg 


Moment of inertia due to the 
mass, in relation to the centre 
of gravity around : 

longitudinal axis . 

transverse axis . 

wertical axis . . . 


65 cm kg/sec? 
321 cm kg/sec2 
365 cm kg/sec? 


Return spring : 


average diameter of coils. . . 53.5 mm 
diameter of section of metal. . 9.5 mm 
free length. . 3 Bearing sae 82 mm 
iene len, oly Se aoe Bee 5 1/2 
specified compression . 1 mm/10 kg 


The moments of intertia were calculated 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 437 


from torsion-oscillation trials of the 


« Karlsruhe » type. 


TABLE XVI. 


Load on the rails per axle, in kg 


(Cage || 
Leading |Intermed.! Rear / Total 
| | 
A 115 54 | 96 | 265 
B 101 | 82 82 | 265 
(€ 83 116 66 265 
D 49:7) 1895 iin 43. dees 


Cases A-D refer to the distribution of 
load by movement of the articulating 
pivot of the longitudinal equaliser. 

The results of these trials with the 1 : 5 
scale model vehicle were converted ma- 


16 


Ira SEC km/f 
70 = i ] Os 
| 
7 | | 
| | | +690 


i 
60 yo 80 $0 100 10 kg 
Charge de lessieu avant 


Fig. 70. 
Explanation of French terms : 


Déraillement. — Dérailment. — Non-déraillement. = No 
derailment. — Charge de l’essieu avant = Load on lead- 
ing axle. 


Vitesse 


km/h mec 


36 


10 
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thematically to those for a full size vehicle 
and are given in figures 67 to 69, whilst 
figure 70 shews, for the model, the risk 
of derailment in relation to the speed and 
load of the leading axle and figure 71, 
in relation to the angle of bearing and 
the speed. 


We may now designate the dimensions 
of the full-size vehicle by capital letters 
and the corresponding dimensions of the 
model vehicle by small letters, i. e. : 


length : L and /; 

M and m™; 

weight : P and p; 

W ayavel jr 

speed : V and y; 

: A and a; 

moment of inertia of the mass : I and 7. 


mass : 
(imam: © 
acceleration 


Taking the linear dimensions of the 
vehicle in full size as n times that of the 
smaller vehicle, the mass and weight 


- Effork de rapport en kg 


1° fan 0 4e By 
angle d'attaque 
Pig. 71. 
Explanation of French terms : 
Vitesse = Speed. — Effort de rapport en kg = Recoil 


effort in kg. — Angle d’attaque = Angle of bearing. 
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dimensions will be n3 times that of the 
model, or: 


L = a”, M =—*n3m and P= np 


We have : 
ener Cd Pea View 
OUR: 
np = mm A 
| a ee 
then 
iy == 1S 
/ Ik, nl 
a ——— A SS St SS — 
t2 T2 T2 
therefore : 
[ nl 
PE 
Gir 
U2 2 je 
Eee Nr 
i! V nl 
Vira = 
t iE t\/n 
Olu: 


I=ML2 = 73 m n2 [2 = 5 m (2 


OF: 


n> i 


If the linear dimensions of the full size. 


vehicle are n times those of the model, 


the scale shewn in Table XVII may be 
used. 


; 
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TABLE XVII. 
RT RE ES BO ED SIT 
Ratio 
Dimension Full size vehicle 
Model 
engthian es REE ae n 
INVASSHE MER iia can aires coe ms n3 
Welshita force) nee ne ns 
[enters Ry Ta ee eee Vn 
Speed : Yn 
NCCCICEATION EN Suny ol hile 1 
Moment of inertia due to 
CNSR ASS Weber ieee wee bs nd 


From the results obtained with the 
model vehicle, it can be concluded that : 


_ 1. The risk of derailment does not 
depend on the degree of transverse 
resilience (centring force) of the leading 
axle and the angle of bearing (up to 3°) 
but only on the axle load and speed. It 
may be remarked that the centre of 
gravity of the véhicle being located above 
the level of the point of bearing of the 
leading axle on the rail, one of the wheels 
is overloaded and the other under- 
loaded at the moment of contact. 


2. No derailment is produced with an 
angle of bearing of 1° or less. 


3. The relationship between the load 
on the leading axle and speed at which 
derailment occurs, is shewn above a 
certain speed (38 km/h for the model, 
85 km/h for the full-size vehicle), as an 
approximately straight line. The rela- 
tionship can be expressed in the following 
formula : 
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For the model : 


V = 0.41 Q + 20.1 (see fig. 70) and for 
the full-size vehicle : V = 6 Q + 60 (see 
ig sel eewawhere sVe-— speed in) kim bt 
above which derailment will occur: 
Q = load on the leading axle (two wheels) 
at rest, for the model in kg, for the full- 
size vehicle in tons. 


4. In the case of derailment, the tension 
of the return spring does not increase. 
This fact must be explained by the mo- 
mentary duration of the action of the 
force. 


coe 
(Bo, | T 
| | 
140+ T ; 4 
» i 
= | 
ry I3OF ] = = 
5 120 + ot il 
| Wve é } | 
10h Rc om 
| em | I 
100 ae eee 
'@ E; Br 
50-54 he =i) 
a ' \ 
8Ob—-+—-- eee 
1 
1 1 
70 | eee ee aie 
4 Sa. eee Ono lOmin loan Smlau tonnes 
Charge de l'essieuavant 
Fig. 72. 
Explanation of French terms : 
Vitesse = Speed. — Déraillement = Derailment. — Non- 
déraillement. — No derailment. — Charge de l’essieu 
avant = Load on leading axle. 


5. In the case of non-derailment, the 
tension of the spring increases with the 
speed and the load. 


Figure 72 is a reproduction of figure 70, 
applicable to a full-size vehicle. 


“ 
fosesees ew © Pee eee oe oamee 7. 2 
7 , : : 
4 7 eel 
; Ger: ae 


os . 
7a re nm ¢ = mer ~ var ee 

a ay - aie Ss : 2) Go ms Bas ie tet 
Ein. re ai . F god cit gale te Magne § 
. . ey, ie Oe eto olay ai 
* a, , ee y mrs 2: em 
- >. . ae pet Tata) ¢ nat 


er 
a 
is “ 72 ato: ye ede 
Ei : | Sale ee 9a 
- * - 


- Feb, hee c 


1 - 


Py / im @ u i) te piers Fats 
‘ * cnt 7 hd 


- : wid Ww tas 

"nea aie pee 
* 2. ¥ 
> ; i r a5 + JS waa: - | 
“he ha ee, a 


7 


arial ye 


— > Ser at a ee 
See a a ir ee 

> _ « , 

a wnat ss 


‘aa 
| 


[ 621 .135 .2 & 625 .214 ] 


Advantages of abundant lubrication in plain 
bearings, 
by M. F. HENRION, 


Ingénieur civil A. I. Lg. 


In an article entitled « Mechanical 
technique of lubrication » which ap- 
peared in the Revue de I’ Industrie Minérale 
for June 1948, M. Paul MarTINET, con- 
sulting engineer to the « Société des Forges 
et Aciéries de la Marine », drew attention 
to some interesting features of the utili- 
sation of plain bearings. 


Apart from the question of price, ease 
of supply or maintenance, and other hard 
economic facts, the advantages may be 
summarised as follows : 


Bearing brasses designed in accordance 
with the mechanical principles of good 
lubrication technique are capable of carrying 
much heavier loads than those permissible 
in a ball or roller bearing. 


Without appreciable wear, and using 
ordinary machine oil, they run with a 
notably lower coefficient of friction than 
that obtained in a ball or roller bearing 
operating under similar conditions and 
requiring the use of a special grease. 


There is however, one point that has 
not yet received sufficient attention, 
namely the importance attaching to an 
abundant supply of oil, flooding the rub- 
bing surfaces, and its favourable reper- 
cussions upon the utilisation of journal 
bearings, particularly for heavy loads and 
high speeds. 


4 


This point will be discussed in the 
present article which deals more parti- 
cularly with the lubrication of the journals 
of axles in railway rolling stock. The 
discussion leads to useful conclusions 
concerning the numerous industrial appli- 
cations of journal bearings, as for in- 
stance in machine tools, rolling mills, 
Clore 

KKK 


PART ONE. 
GENERAL CONSIDERATIONS. 


When two metallic surfaces rotate rela- 
tively to each other and are separated 
by a lubricating film of sufficient thickness, 
constantly renewed so as to maintain 
that thickness, the resultant coefficient of 
friction derives less from the action of 
the surfaces than from viscous flow 
within the fluid layer itself, i. e. lamellar 
jamming and gliding under pressure which 
has come to be known as hydrodynamic 
lubrication ('). 


(1) Some writers have sought to explain this 
internal movement of the fluid not by the relative 
gliding of the lamellae of oil relatively to one 
another but by the rubbing action of molecules 
of oil, infinitely small, rolling upon each other 
(like so many balls or rollers), and which in 
their entirety constitute the lubricating layer 
separating the two metallic surfaces. 
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If the thickness of the film is reduced 
to such an extent that the rubbing surfaces, 
or rather the asperities produced by 
machining, come into contact at one or 
more points, perforation ensues. The film 
breaks down, the oil clings to the metal 
by molecular attraction alone and the 
condition of the metallic surfaces becomes 
the preponderating factor. We are no 
longer considering viscous lubrication, 
but boundary lubrication. From this 
stage onward, wear commences and may 
be followed by the well known pheno- 
mena, first of overheating and finally, of 
seizure. 


Between these two states of hydrody- 
namic lubrication and boundary lubrica- 
tion, there exists a critical point corres- 
ponding to the commencement of rupture 
of the continuity of the lubricating 
film. 


**XK 


Under conditions of boundary lubri- 
cation, the factor of first importance is 
the degree of finish of the metallic sur- 
faces. 


In the case of hydrodynamic lubrication, 
the factor that ensures a low and conse- 
quently safe value of the coefficient of 
friction is the thickness of the oil film. 
It is clear therefore that the continuity 
and stability of the film and its resistance 
to breakdown, either sudden or progres- 
sive, will be all the greater when the oil 
supply is abundant. 


When starting from rest, an abundance 
of oil promotes the speedy formation of 
a thick film. This advantage becomes 
increasingly apparent at high speeds since 
the intense oil circulation prevents any 
undue rise of temperature, maintains the 


JuLty 1951 


viscosity of the oil and so precludes 
overheating (1). These favourable condi- 
tions are most readily seen when, as in 
the case of axleboxes provided with 
mechanical lubrication, the rate of feed 
increases at the same time as the speed 
of rotation of the journal. 


Finally, it should be remembered that 
the greatest danger to the film, whereby 
it may become perilously thin or even 
break down, lies in heavy loads and the 
consequently greater shocks transmitted 
to the journal, particularly at high speeds. 


* OK 


M. MacKee and Professor HANOCQ, 
the latter at the Laboratory of the Uni- 
versity of Liége, have both shown con- 
clusively that, in lubrication, what matters 
most is the quantity of oil drawn on to the 
bearing, which must be sufficient under all 
conditions to ensure the formation and 
maintenance of the oil film. 


ok ok 


When starting from rest, it is essential, 
in order that the oil film may build up 
without delay, that the journal should 
pick up the quantity of oil necessary for 
the formation of the film as soon as it 
starts to rotate. This will not be possible 
unless there remains, when at rest, an 
appreciable quantity of oil stored in the 
oil grooves of the bearing brass or in the 
channel that exists between the journal 
and the brass, formed by the clearance 
machined on the latter. 


(1) The viscosity of the oils commonly used 
for lubrication decreases very rapidly with rising 
temperature. With the commencement of over- 
heating the viscosity falls sharply away and the 
rate of heating is correspondingly intensified. 
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Such a reserve can only accumulate if 
the journal is coated with a certain 
thickness of lubricant while running and 
if in addition the oil is possessed of 
sufficient viscosity, that is to say, that its 
temperature has: remained normal. 


Axleboxes that are lubricated by a pad 
or by packing cannot fulfill these condi- 
tions. The coating of oil to be found on 
the journal when starting is extremely 
thin, the supply of lubricant, under normal 
weather conditions, being insufficient to 
provide the required reserve, and the 
suction when starting up not being 
instantaneous. 


Moreover, recent experiments have 
shown that in cold weather the capil- 
lary flow of oil through the wicks is 
notably diminished. At zero centigrade, 
it is practically nil (1). It follows that 
in winter, boxes fitted with lubricator 
pads or packing will only deliver oil 
after the jourfal, the brass, the body 
Oly thembox,- ande the, oi! «itself» have 
progressively warmed up. This will 
evidently take an appreciable time (2). 


On the other hand, in axleboxes proy- 
ided with mechanical lubrication the 
journal is flooded with lubricant while 
running, which permits machining the 
brass with a large clearance with respect 
to the journal and calls for brasses suit- 
ably furnished with numerous wide oil 


(1) See the interesting tests concerning this, 
described by Mr. Paul MARTINET in the journal 
L’Usine Nouvelle. dated March 17, 1949. 

(2) The repetition of this delay in lubrication, 
after each stop, accounts for the considerable 
wear of journals and brasses in boxes fitted with 
pads. 
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' with when starting up. 
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grooves (!). These two features together 
provide the reserve oil pockets necessary 
for starting up. 


Furthermore, in mechanically lubri- 
cated boxes the distributing mechanism 
is not influenced by variations of tempera- 
ture and the quantity of oil bathing the 
journal is, even when starting up, inde- 
pendent of atmospheric conditions. 


ok OK ok 


What are the factors that may initiate 
rupture of the oil film while running? 


They are’: 


a) instantaneous peak loading due to 
shock; 


b) increased speed, when this is not 
accompanied by a sufficient increase in 
the rate of oil feed. 


In the first case, it is essential that as 
soon as the effect of the abrupt overload 
causing discontinuity of the film has 
disappeared, the film should instantly 
reform. The case is analogous to that met 
As previously 
stated, the film will not immediately 
reform unless the internal oilways in the 
brass and the channel provided by the 
clearance between brass and _ journal 
together comprise a reserve or a cushion 
of oil due tot the excess supply. The film 
will thicken as soon as an abundance of 
lubricant arrives. 


So far as the second factor is concerned, 


(1) It is in fact essential that the whole of the 
copious oil supply delivered to the brass should 
reach the journal undiminished; whence the 
necessity for mechanically lubricated boxes to 
incorporate well designed brasses having gener- 
ous oil pockets and appropriate distributing 
channels. 
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it has been demonstrated that the thick- 
ness of the film increases with the speed. 
It is understood that the rate of oil feed 
must be correspondingly greater as the 
film increases in thickness, hence the need 
for a lubricating mechanism that feeds 
the brass faster with increasing speed of 
the vehicles. (This cannot be achieved at 
high speeds by constant feed arrangements 
such as packing or lubricator pads.) 


Finally, in a mechanically lubricated 
axlebox, the flooding of the journal pre- 
vents temperature rise, enables the lubricant 
to maintain its viscosity and precludes all 
danger of overheating. It is maintained 
by virtue of the constant renewal of oil 
that has been cooled by vigorous circul- 
ation in contact with the walls of the box, 
the shell of which is of appropriate shape 
and is kept cool by the flow of the 


outer air. 
3K OK ok 


It should be noted that when abundant 
lubrication is provided the calculation of 
journal sizes requires fresh consideration 
since the problem of extracting heat 
units from the axlebox assumes a different 
form. 


Since lubricator pads cannot create 
sufficient oil circulation to deal with the 
calories produced by friction, it is neces- 
sary that the journal and brass should 
offer the greatest possible area of metallic 
surface in contact with the oil. For this 
reason, the chosen dimensions are in 
many cases greater than would be indi- 
cated by considerations of mechanical 
strength alone. If on the other hand, the 
amount of oil circulating — and conse- 
quently bathing the journal — is sufficient 
to ensure that the calories are entirely 
dissipated at the external surfaces of the 
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box, mechanical requirements alone will 
determine the length and diameter of the 
journal which may thus be reduced. 


The following advantages then result : 


— Reduction in the dimensions of the 
journal and therefore in the cost of 
thenaxic: 


— Consequent reduction in size and cost 
of axleboxes; 


— Reduction of unsprung weight; 


— Smaller deflection of the journal as the 
result of its reduced length; 


— Possible increase in the size of the 
journal collar in view of the intensified 
lubrication, resulting in reduction of 
end wear on bearing brasses; 


— Improvement of the coefficient of 
friction (‘). 


2K OK ok 


M. HAGUENAUER, President of the Rol- 
ling Stock Commission of the S. N. C. F., 
had already pointed out in one of the 
last pre-war issues of Transports Modernes 
the advantages of mechanical lubrication 
in ensuring an abundant oil circulation and 
the intensive dissipation of calories. 


28 ok ok 
PART TWO. 
CONCRETE EXAMPLES. 


The following examples show clearly 
that the results obtained in practice 


(1) In an article entitled « Experiments on 
bearings and study of the improvement of films », 
which appeared in Machines et Métaux in August 
1948, M. Martinet showed that : a reduction in 
the length of the journal reduced friction consi- 
derably and, in addition, that increased speed 
resulted in thickening of the film and by virtue 
of this effect lowered the coefficient of friction. 


JuLy 1951 


confirm the calculations and illustrate the 
advantages indicated above. 
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A. — Comparison between boxes fitted 
with mechanical lubrication and with 
lubricator pads, running under an ex- 
press coach. 


1° Results of the trial. 


The trial was carried out, before the 
war, with a special train running over the 
route Paris-Les Aubrais (South Eastern 
Region of the S. N. C: F:), taking 57 
minutes for the journey at an average 
speed of 123 km/hour (77 m.p.h.) with a 
spurt at 150 km/h (94 m.p.h.) for 14 
minutes between Monnerville and Bois- 
seaux. The bogies were fitted partly with 
boxes using lubricator pads and partly 
with mechanically. lubricated boxes. 


The conditions of load, speed and 
ambiant temperature were similar for the 
two types of boxes and the temperatures 
recorded at the end of the journey were 
as follows : 

35° C for the mechanically lubricated 
boxes; 

110° C for the boxes with lubricator 
pads. 

At these temperatures the absolute 
viscosity of the oil constituting the film 
is as given below : 

35° C — 0.016 kg sec/m?; 

110° C — 0.0008 kg sec/m2. 

While it is not possible to make direct 
use of these figures (particulars of the loads 
and the values of the coefficient of friction 


being unknown) a complete set of suffi- 
ciently conclusive data may be obtained 
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by referring the temperature readings to 
others obtained in the laboratory. 

During trials of a box fitted with pads 
and loaded with 7000 kg (6.9 tons) the 
coefficient of friction was 0.0047 and the 
temperature of the bearing in the absence 
of ventilation was 137° C. 

By contrast, during another laboratory 
trial of a mechanically lubricated box, 
loaded as before with 7000 kg and 
unventilated, the temperature was 47° C 
and the coefficient of friction only 0.0011. 

If in these two cases ventilation had been 
provided the temperatures of 137° and 
47° would have been lowered and compar- 
ison with those recorded during the 
service trials previoulsy mentioned is 
permissible. 

It appears possible without risk of 
serious error to base an argument upon 
the following data : 


Box with lubricator pad : 

load : 7000 kg; 

average speed at surface of journal : 
5 m/sec; 

temperature of bearing : 110° C; 

viscosity of oil in the film : 0.0008 kg 
sec/m?; 

width of rubbing surface : 70 mm; 

coefficient of friction : 0.0047. 


Box with mechanical lubrication : 


load : 7 000 kg; 

average speed at surface of journal : 
5 m/sec; 

temperature of bearing : 35° C; 


viscosity of oil in the film : 0.016 kg 
sec/m?; 
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width of rubbing surface : 30 mm; 
coefficient of friction : 0.0011. 


7 ok kK 


2° Theoretical discussion of the trial. 


The performance of the box with 
lubricator pad is undeniably bad. To 
begin with, it operates under conditions 
of boundary lubrication; but worse still, 
since the oil circulation is not sufficiently 
vigorous to prevent the temperature from 
rising, the viscosity diminishes to such an 
extent that it is no longer possible under 
such conditions to maintain an oil film 
capable of preventing some pick-up of 
whitemetal. This does in fact occur. 
Under the load of 7000 kg the breadth 
of the zone of contact where the metal 
has yielded is about 70 mm (2 3/4 inches) 
for the pad-lubricated bearing and 30 mm 
(1 3/16 inches) for the other one. 


The brasses in each box were new, 
and had been machined with a diametral 
clearance of 3 mm. 


ok ok ok 


It is possible to calculate approximately 
the viscosity, and hence the temperature 
of the oil, for a film thickness of 0.006 mm 
(.00024 inch) which is essential for safe 
running under conditions of « hydrodyn- 
amic friction », by applying the formula 
for hydrodynamic operation : 


F=/g=' (A) 
h 
in which : 
F = total friction, in dynes; 
f = coefficient of friction; 
Q = load, in dynes; 
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wu = viscosity of oil, in poises; 

S = rubbing area, in cm?; 

V = speed of relative displacement of 
the surfaces in cm/second; 

h = thickness of oil nlmeim em: 


Putting f = 0.0015, which is an average 
value for the coefficient of friction’ when 
running just within the hydrodynamic 
range, assuming a width of 30 mm for 
the rubbing surface over a parallel-sided 
zone 300 mm (11 3/4 inches) long and 
taking the film thickness in this zone at 
0.006 mm we obtain : 


wg 
SV 
__ 0.0015 x (7000 « 981000) x 0.0006: 
90 « 500 
= 0.14 poise. 


This value for the viscosity corresponds, 
for the oil used in these trials, to a tem- 
perature of 72° C, which would appear 
to be the /imiting safe temperature. 


2K ok ok 


The foregoing shows that : 


a) By virtue of its intense oil circulation 
a mechanically lubricated axlebox will 
run at temperatures well below 72° C, 
and will keep within the hydrodynamic 
friction range under the most severe 
working conditions in respect of loads 
and speeds; 


b) An axlebox lubricated by a pad or 
by packing will normally run at tempera- 
tures above 72° C, and does not offer, 
under heavy duty, a sufficient margin of 
security. It has been shown (page 443) 
how, when starting from rest or in cold 
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weather this margin is illusory, the 
suction diminishing rapidly as the tem- 
perature falls and tending to fail comple- 
tely at zero Centigrade (quite apart from 
the fouling of the pad, the necessity for 
topping up with oil (1), and so on). 
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B. — Comparison of running conditions 
in a mechanically lubricated box at 
different speeds. 


It can be shown by calculation equally 
well as by practical trial that an increase 
in speed from 100 km/h (63 m.p.h.) to 
150 km/h (94 m.p.h.) has little influence 
upon the temperature of a box of this type, 
or on that of the oil or of the bearing, 
and in consequence little influence upon 
the state of the oil film or the safety of 
the box. This is the result of abundant 
lubrication. 


1° Results of trials. 


At the time of the trials over the Paris- 
Les Aubrais route, it was noted that at 
125 km/h (78 m.p.h.) the oil temperature 
was appreciably lower than at 100 km/h 
(63 m.p.h.), allowing for air speed. The 
temperatures recorded in the bearing and 
the journal were slightly higher, but the 
difference was not of a sufficiently high 
order to warrant attention. 


2° Theoretical discussion. 


Formula A (page 446) shows that the 
total friction, other factors remaining 
equal, is proportional to the speed and 


(1) It has been proved that the suction becomes 
increasingly unreliable as the oil level falls i. e. 
with increasing length of worsted exposed. 
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hence to the amount of heat to be dissip- 
ated. 


Now the loss of heat by convention 


from the box to the surrounding air is 
defined by : 


OF SSG =e) hk 
and is proportional to K, which is itself 
proportional to V°’ approximately, V 
being the air speed in m/sec. 

For. V = 27.6 (90.5 feet/sec) we have 
V°7 = 14.3 (47 feet/sec); 

and for V = 41.5 (136 feet/sec) we have 
V7 “== 19.8 (65 feet/sec). 

If in passing from 100 to 150 km/h 
(63 to 94 m.p.h.) the heat transmission 
from the rubbing surfaces is favourably 
influenced by the circulating oil, the 
temperatures should as a result of this 
alone be modified in the proportion of, 
Say.) L 1070.9: 


Thus, considering all factors, we have : 
100 19.8 
x X= 
150 14.3 


Temperature at 100 km 


Temperature at 150 km 


— 1 1980 
27091940 


In other words, the temperature of the 
oil will not vary in proportion to the 
speed, its viscosity will be maintained and 
lubrication will be completely assured. 


= | approximately. 


ook 


These two estimates, the one eminently 
practical and the other theoretical, tally 
completely and show that hydrodynamic 
lubrication together with accelerated oil 
circulation will ensure complete safety 
at the highest speeds that can at present 
be foreseen. 
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—-—--- film proper 
speed curves (parabolic) 


Geometrical loci of the extremities of the vectors. 


Speeds 


of the different elements of the oil film in one and the same 


section of the film. 


Fig. 1. 


Explanation of French terms : 


Ajutage de sortie = Outlet nozzle. — Ajutage d’entrée = Inlet nozzle. — 
Surface mobile = Movable surface. — Surface fixe. = Stationary surface. 


probile 


Fig. 2. 


Explanation of French terms : 


Blochet = Block. — Surface mobile = Movable surface. 


C. — Safety of mechanically lubricated 
boxes under heavy loads. 


The favourable influence of abundant 
oil circulation upon the safety of axle- 
boxes under heavy loads may be analysed 
theoretically in the following manner : 


It is known that the basic differential 
equation for hydrodynamic lubrication 
for the case of the block (Reynolds 
equation) may be written : 


dp O6nVh—h) 
dx h3 


In this formula (Fig. 1) : 


p is the pressure within the oil film at a 
point defined by the abscissa x; 

uw is the viscosity of the oil; 

V is the linear speed of relative displa- 
cement of the surfaces under consideration; 

his the height of the oil film at a section 
denoted by the value of x; 
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h' is the height of the film at a section 
where the parabola of the speeds of the 
different molecules becomes a straight 
line, that is to say where the speed of the 
various molecules varies from the moving 
surface to the immobile surface according 
to a linear law. 


InsFig.°2 : 
hy =a No 
m= — 
ho 


where / is the height of the oil film at 
the point of entry, 4p the height at the 
exit, and : 


h = ho + tg a (x — Xo) 


Substituting these values and integrat- 
ing, we obtain the following value for the 
maximum pressure (1): 


3 m uw Va 
2 (m+ 1)(m + 2) h? 


Pimax 7 


This result may be extended to cover the 
case of the partial bearing brass, by 
adopting the following values for the 
different parameters (kg/m/sec units). 


wu = 0.007 sec/m2 (very low value); 

N=) Asm/secn(wheel.1 m. diameter, at 
100 km/h); 

a = 20 mm (value fixed from exper- 
ience); x 


(1) Details of the integration are given in the 
monthly bulletin of the « Société des Ingénieurs 
et des Industriels ». Bulletin No. 1, 1936, pp. 19 
et seq. 


ih == S6 
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ho = 0.003 mm (minimum value for 
thickness of film also dictated by 
experience) ; 

value permits avoidance of 

return currents (resulting from geo- 

metrical considerations). ° 


We thus obtain : 


uw Va 
Prax = 0.18 he == Ki) kg/cm2 (15.95 


ie Ib/in2) 
This limiting pressure is capable of 
sustaining a load in excess of one metric 
ton per cm? (6.55 tons/in2). Now, a total 
load of 12 metric tons on a journal 
250 mm (10 inches) long (limiting dim- 
ension on European railways) corresponds 
to an average load of only 240 kg/cm? 
(1.52 tons/in2). It is clear that the margin 
of safety is wide and that a box of this 
type will carry any load that does not 
cause undue yielding of the whitemetal 
in the bearings. 


ok ok 


CONCLUSION. 


The general considerations and _ the 
examples cited above demonstrate in our 
view that journal bearings provided with 


superabundant lubrication offer much 
wider possibilities than is commonly 
supposed. 


We have dealt with this subject at 
length since its economic aspect is of 
some importance in view of the relatively 
low first cost of these bearings. 


[ 656 .28 (42 ] 


Colonel Wilson’s annual report. 


(From The Railway Gazette, December 22, 1950.) 


For the third time since the appointment 
in 1840 of Inspecting Officers of Railways 
— the first of whom, Lt.-Colonel Sir Fre- 
derick Smith, held the title of Inspector 
General of Railways — a calendar year, 
1949, has passed without a passenger being 
killed in a train accident on the railways 
of this country, the two previous occasions 
on which this result was achieved being 
1901 and 1908, although there have been 
other years in which the figure has been 
extremely small, as in 1925 and 1930, each 
showing but one fatality under this head- 
ing. Lt-Colonel G? RS. Wilson, Chief 
Inspecting Officer of Railways, in his 
annual report for 1949, characterises that 
year with good reason as « outstanding >. 
When the very large number of people 
carried every year by rail is taken into 
consideration — and it would take over 
13 years day and night to count the num- 
ber of passenger journeys originating in 
1949 and is compared with the condi- 
tions met with in so many other circum- 
stances it is seen that the risks run by the 
railway traveller are to all intents and 
purposes practically negligible. Neverthe- 
less public interest is always stirred by the 
circumstances of any rail mishap, often far 
more than it is by many other types of 
accident, partly no doubt from the very 
fact that to come to harm on the railway 
is such a rare thing. Of course, this is at 
times attributable to the good fortune of 
the circumstances of the moment, as in one 
particular case in 1949 where a very little 
difference in the conditions would cer- 


tainly have resulted in considerable loss 
of life. 


It may be as well to emphasise once 
again that transfer of the railways to the 
State has not affected the status of the 
Inspectorate. The jurisdiction of the 


Minister of Transport as regards safety 
matters remains the same, and the duties, 
responsibilities, and independence of the 
Inspecting Officers are unaffected by the 
change. No passenger railway, or part of 
it, fixed works or electric traction, may be 
brought into use without the approval of 
the Minister, and large installations, as 
well as new methods of signalling, are also 
included in this rule. These conditions 
were more particularly defined by the Road 
and Rail Traffic Act, 1933, in continuance 
of the requirements laid down in earlier 
legislation, which continue to be effective. 
The Minister is further empowered by the 
Railway Employment (Prevention of Acci- 
dents) Act, 1900, to make rules with the 
object of reducing or removing the dangers 
and risks incidental to railway service, and 
such have been made from time to time. 
In addition, the Railways Act, 1921, 
empowered the Minister to require or 
authorise measures of standardisation, but 
he has no jurisdiction over the construc- 
tion of rolling stock (except on tube lines), 
the maintenance of permanent way or 
signalling equipment, or the qualifications 
of operating personnel. The reporting of 
accidents to the Minister, under an order 
made in 1945, derived from authority 
conferred by the Act of 1900, previously 
mentioned, and the Regulation of Rail- 
ways Act, 1871, requiring notification of 
all accidents on passenger railways, and 
such as involve fatality or injury on rail- 
Way premises, continues as before, as do the 
formal inquiries carried out by the Inspect- 
ing Officers under the Minister’s Order, 
where such appear to be called for by the 
circumstances of the case. 


The report under notice is based on 
arrangements restored on January 1, 1946, 
after modified requirements in force dur- 
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ing hostilities. The table reproduced Eighteen formal inquiries. 
below, analysing the various causes of 


train accidents, shows that of the total of 
1176, 373 were collisions and 236 derail- 
ments; 386 were cases of running into 
obstructions (including 137 cases of animals 
on the line), with 127 fires in trains and 


. Failure of train crew (including Bas ek : 


a) Passing signals at danger 31 13 19 — — 63 
6) Other irregularities or want of care. 109 36 Ail _ 1 173 
2. Failure of signalman : 
a) Irregular block working . 12 2 14 
6) Other irregularities or want of care. 22 2 5 — — 39) 
3. Failure of other operating staff . ; 66 IS 63 3 14 161 
4. Failure of train crew and/or signalman “and/or 
other operating staff . Se sig aes on 55 32 39 _ 5 129 
5. Faulty loading. 1 13 1 _ — 15 
6. Technical defects : 
a) Engines . : 1 13! 2 —_ 2 18 
by Vehicles 7. 
i. Drawgear . 3 18 = — 22 
Other items . : 6 29 1 2 3 41 
c) Track or signalling apparatus ; 2 34 1 — 1 38 
7. Other causes : 
a) Snow, landslides, floods. . — 2 2) 
b) Animals on the line — — 137 = —— 137 
38 1 38 16 133 106 


c) Misconduct of the public . 
d) Miscellaneous abe 


Total . 


Although no death of a passenger in a 
train accident fell to be recorded in 1949, 
it was found necessary to hold 18 formal 
inquiries into such accidents during the 


year, the reports on which, generally with 
an explanatory diagram, have appeared in 


Collisions 
Miscellaneous 
Total 


Derailments 

Running into 
obstructions 
Fires in trains 


54 miscellaneous accidents. Failure of train 
crews was responsible for 140 collisions and 
49 derailments, while signalmen were ans- 
werable for 34 and 14 respectively; 12 col- 
lisions were brought about by irregular 
block working. These 1176 accidents 
resulted, as stated, in no fatality to a pas- 
senger, but did regrettably cause the deaths 
of six servants and six other persons. ‘The 
figures for 1948 were 39 passengers, 14 ser- 
vants, and 21 other persons. 


summarised form in these pages. The lead- 
ing features of these were as follows : 

At Loughborough on January 9, 1949, a 
freight train was derailed at an engineer- 
ing site where rails had been removed, and 
the engine overturned down an embank- 
ment. The driver, who was killed, had 
failed to keep the train under sufficient 
control on a falling gradient, and there 
had been failure also on the part of a 
permanent way inspector to protect the 


452 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


gap in the correct manner. At Glasgow 
Cross on January 31, 1949, a train on an 
underground section of line passed four 
signals at danger, after seeing the distant 
at caution, and collided with the preceding 
There was no failure of block work- 


one. 
ing, and the accident was attributable 
to a serious lapse on the part of an 


experienced driver, probably due in part 
to the difficulty of seeing oil lit lamps in 
ill-ventilated tunnels. | An_ unsatisfactory 
standard of attention to the lamps was 
brought to light by the case and an 
unusual wrong side failure of a light 
repeater indicator. As an interim measure 
all signals are being converted to electric 
lighting and detonator placers installed at 
all signal boxes. 


At Trowse Station, Norwich, on Fe- 
bruary 3, 1949, occurred a collision caused 
by a train having to leave the Thorpe 
terminus against the starting signal, which 
could not be cleared for it as the engine 
was on points just ahead unable to be 
bolted, and then, in consequence of the 
signalman forgetting to reverse a crossover 
road, travelling up the down line for 
3/4 mile and meeting a standing goods 
train head on. ‘The signalman was prim- 
arily responsible, but the one in the next 
box should have noticed that the train was 
on the wrong line, although had any one 
of the four trainmen been alert they could 
have averted the accident. At Hensall on 
the night of March 2, 1949, an engine 
propelling a van collided with a tank lorry 
at a crossing, resulting in overturning. 
There was a good deal of traffic on the 
road, and the gatekeeper had to exchange 
bell signals with the signalman to show 
that the gates were closed before a train 
movement was permitted. “There was con- 
flict of evidence on this matter. A code 
may not have been sent, or, more probably, 
was sent and misinterpreted. Signals inter- 
locked with the gates are being provided 
and the code altered to reduce the possi- 
bility of misunderstanding a bell signal. 
An unusual type of accident occurred at 
Douglas Park on May 26, 1949, when an 
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express, after receiving a Clear distant 
signal, found the home signal against it 
and became derailed at loop facing points, 
which clearly had been operated just as 
the engine reached them. The signalman, 
a young man who proved to be unreliable, 
denied all knowledge of having done this, 
but there was no doubt that he moved 
the points or knew who had done so. It 
was recommended that the pre-war practice 
of requiring references as to the character 
of new entrants to the service should 
be resumed, especially for prospective 
signalmen. 


The fire in an express at Penmanshiel 
Tunnel on June 23, 1949, also was remark- 
able in that not only did the flames spring 
up and engulf two vehicles with extraor- 
dinary rapidity, but local circumstances 
most fortunately combined to enable the 
fire to be confined to them and casual- 
ties to be limited to seven persons injured, 
although two of these cases were serious. 
A clear cellulose lacquer had been used 
on the wooden corridor panels and the 
Joint Fire Research Organisation of the 
Department of Scientific and Industrial 
Research and Fire Officers Committee 
proved by tests that this was by far the 
worst material so far examined by them 
for rapidity of flame spread. ‘This might 
have been caused by a lighted match, say, 
or cigarette end. ‘The batch of coaches 
on which this particular finish had been 
used were at once taken out of service 
and it was recommended that no material 
should be used in future in passenger 
stock without being subjected to the 
standard Spread-of-Flame ‘Test, and _ that 
fire risks generally should be constantly 
borne in mind in design and construction, 
taking advantage of the specialised know- 
ledge of the organisation referred to. 

A derailment in Merstham Quarry Cut- 
ting on a hot afternoon on June 27, 1949, 
of a fast electric train was attributed to the 
ganger not appreciating the danger of dis- 
turbing the track in the way he had done, 
despite strict instructions covering precau- 
tions to be taken in hot weather. The 
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inspector was criticised for failing to ensure 
the orders were understood and obeyed. 
It was recommended that the research into 
strength of different types of ballast, insti- 
tuted after the Wath derailment of May 8, 
1948, should be extended to investigate rail 
stresses in hot weather, and whether the 
smoother sleeper-beds produced by modern 
methods of measured shovel packing affect 
lateral resistance to any appreciable extent. 
Another level crossing accident took place 
at the Hardwicke occupation crossing on 
June 28, 1949, when a motorcar was run 
down and the locomotive bogie became 
derailed. The occupant of the car should 
have satisfied herself that it was safe to 
cross, but was encouraged to move by the 
action of another person opening the gates. 


At Chester, in daylight and_ clear 
weather on July 4, 1949, the driver of a 
passenger train, admitted by calling-on arm 
to an occupied platform, a movement that 
has to be allowed at this location, failed 
to exercise sufficient care and struck the 
train ahead. At London Bridge on July 24, 
1949, a driver of a light engine ran by a 
colour-light signal at red, and met an 
oncoming elecific train at a diamond cros- 
sing. Careful consideration of the circum- 
stances and the signalling controls showed 
that the driver must have been mistaken 
in thinking he had seen the signal at 
yellow. Another case of overlooking a 
signal, in this instance a semaphore, took 
place at Epsom on July 28, 1949, when an 
electric train started irregularly from a 
platform, and although a detonator was 
exploded, could not be stopped before 
meeting another crossing its path. ‘The 
layout precluded the provision of a trap 
or crossover, but the signal and detonator 
have been moved back to increase the 
overrun. At Euston on August 6, 1949, 
an empty train was routed in error into 
a platform occupied by one loading to 
leave. There was no track circuiting, 
though this has since been provided, and 
the experienced signalman who made the 
mistake was working under some pressure 
of traffic. The general renewal and 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 453 


modernisation of the signalling at this 
terminus are under consideration again. 


On September 30, 1949, occurred a 
fatality to a fireman at Mangotsfield, whose 
head was struck by the open door of a 
banana van, while at Heighington on 
November 16 there was a collision between 
a passenger train and part of a goods train 
left in section, for which a signalman was 
primarily responsible. Another signalman 
failed to act as circumstances required, as 
did two guards on the goods train, and 
the case generally revealed considerable 
lack of discipline. Neglect to apply the 
regulation tests by trainmen led to a train 
of empties running away on the incline 
approaching Lime Street Station, Liverpool, 
on November 19, 1949, and crashing into 
the buffers there with destructive effects. 
It was found that the vacuum connection 
between the first and second coaches had 
not been made. At Strathmiglo eight 
days later a train carrying men to some 
engineering work plunged into a gap in 
the track and the driver was killed. The 
permanent way inspector had surprisingly 
forgotten to protect the work and had not 
taken steps to see that the driver knew 
exactly where it was. An accident resembl- 
ing in most of its features that at Epsom 
occurred at Littlehampton on Novem- 
ber 30, 1949, when an electric train started 
against the fixed signal and struck almost 
head on one coming in to another plat- 
form. There had been a curious forget- 
fulness on the part of the signalman in 
making lever movements intended to 
permit the outgoing train to leave, and ‘it 
was suggested that the lie of certain points 
should be altered to give additional security 
against such irregular departures. On a 
dark evening on December 9, 1949, a Con- 
tinental express approaching Victoria ter- 
minus under clear signals collided with a 
light engine, the driver of which had 
thought a subsidiary signal was clear for 
him, but it was not. The engine was 
pushed slightly foul of another line and 
an outgoing electric train came in contact 
with it. 
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Another accident, by which two servants 
lost their lives, took place at Oakley Via- 
duct on October 4, 1949. A goods train, 
admitted in error under clear signals to a 
permissively worked « telegraph bell > sec- 
tion, ran into the one ahead, and_ the 
engine and several wagons plunged off the 
structure. A peculiar feature of the case, 
and one surprising to many, was that this 
« telegraph bell » working had to be 
effected by the same bell as served for 
the block telegraph on the parallel pas- 
senger lines. Other mistakes under such 
working led to block instruments being 
recommended, and certainly the applica- 
tion of separate bells wherever they did 
not exist under this system, with provision 
for actual offering and accepting of trains, 
not provided for by the old « telegraph 
bell » rules. 


In addition to these accidents many 
others were dealt with by correspondence 
by the Inspecting Officers, and in consulta- 
ton with the railway authorities. ‘The 
report mentions eleven of these, exhibiting 
features of some interest, as in the case of 
a steam-hauled train on the widened lines 
between Kings Cross and Farringdon Street, 
where failure of the engine trip was sus- 
pected. The locomotive had stopped a few 
feet past a stop signal, the section ahead 
being occupied in actual fact, and then 
the driver accepted the green aspect of a 
repeater signal ahead. It is now recognised 
as correct practice to control repeater 
signals to yellow when a train passes them 
and the extension of this is under consider- 
ation now, with provision of track appar- 
atus to test the trip-cocks of steam trains 
using London Transport lines. Another 
special case was a derailment at Bethnal 
Green where power points in a new signal- 
ling installation were moved by a false feed 
applied accidentally during testing; special 
precautions against repetition of such a 
thing are being generally introduced. 

« The progressive improvement », states 
the report, « during the last two years in 
the total figures of accidents to trains is 
noteworthy and encouraging, though col- 
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lisions and derailments again exceeded 
pre-war averages. Collisions, at 373, were 
eleven more than in 1948, but there were 
40 fewer derailments, and the number of 
train accidents at level crossings fell from 
212 to 165 as compared with an average of 
163 for the 15 years 1925-39... Failures 
of engines and rolling stock, though they 
have declined progressively since 1946, are 
still more than pre-war; the rise in the 
number of broken rails reported during 
1949 may have resulted from the more pre- 
cise instructions issued by the Railway 
Executive in 1948 to co-ordinate the basis 
of reporting in all Regions. Other failures 
of track and structures are less than half 
those in 1948, a year of exceptional floods. 
The total number of failures, 4062, has 
now declined below pre-war level, and the 
improvement is due in the main to the 
marked reduction in coupling failures 
resulting from the withdrawal of a large 
number of old and obsolete wagons, mostly 
from the former private owners’ fleet. » 
Regarding coupling apparatus, the chief 
liability is still stated to be drawgear weak- 
ness, but in goods trains the proportion 
of failures fell somewhat, reflecting the 
improved standard of stock in that respect. 
Again in 1949 no accident resulted from 
the division of a passenger train. 


Level crossings. 


It is of interest to note that there are 
4080 public level crossings with gates, 
370 without them, and some 22 600 occupa- 
tion crossings. There are also some foot- 
path crossings. The total number of acci- 
dents was 200 compared with 251 in 1948 
(1935-39 average 212), of which 165 were 
train accidents, eight with fatal results, 
involving collision with gates or vehicles at 
public road and occupation crossings, as 
compared with 212 in 1948, and the report 
gives details of certain cases in addition 
to those referred to above. One unusual 
case was that at Bosham, where a gate- 
keeper at a crossing properly equipped 
with signals put them to danger and 
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opened the gates to the road in the face 
of a train approaching at high speed. In 
another case someone opened the gates 
without the knowledge of the crossing 
keeper, who had failed to lock them, and 
was seriously injured when a train collided 
with the gates, while in another a fool- 
hardy motorcyclist, though warned on 
previous occasions, pushed through the 
wicket and was struck by a train. At the 
location in question locking of the wickets 
was not practicable. The total number of 
casualties was 83 compared with 92 in 1948 
(average for 1935-39 was 85), and of the 
nine which occurred to occupants of road 
vehicles four were due wholly or primarily 
to their own misconduct. Says the report : 
« The risk of accident at a properly equip- 
ped and guarded level crossing is negligible 
compared to other risks of the road. » 
Commenting generally on the question 
Colonel Wilson says: « Improvements to 
safety arrangements at public road cros- 
sings are carried out from time to time 
when investigation shows that these are 
necessary... At occupation crossings, where 
with some exceptions protection is confined 
to field gates opened by road users, safety 
of rail traffic as well as their own depends 
primarily on their care and vigilance. The 
large majority (21000) of such crossings 
are still of agricultural field-to-field and 
farm-to-road type, and are used mainly by 
persons acquainted with the local condi- 
tions, but the risk of serious derailment is 
no longer negligible with the increasing use 
of motor vehicles about the farm and coun- 
tryside, including heavy lorries and _trac- 
tors. » The growing risks at these loca- 
tions have caused « the whole difficult 
question of safety » thereat to be remitted 
by the Minister of Transport to the British 
‘Transport Commission and its report has 
now been received.  Lt.-Colonel Wilson 
Stresses the point that the 1949 figures 
should not be allowed to produce a false 
sense of security or « distract attention from 
the urgent need to improve conditions, at 
any rate at those crossings where the risks 
to rail and road traffic are more serious ». 
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Movement accidents. 


The incidence of fatalities in « Move- 
ment » type accidents during the past three 
years has fallen below pre-war level, but 
comparison with 1948 does not, states the 
report, suggest that improvement is pro- 
eressing. <« Injuries to passengers show a 
rising trend, but the great majority repre- 
sent minor cases and the increase in the 
numbers reported during the last two 
years does not necessarily reflect a cor- 
responding increase in the number of 
minor accidents. » Mishaps to passengers 
are largely attributable to their own want 
of care and the only wonder is that they 
are not infinitely more serious. An acci- 
dent at Laindon and Pitsea, in which a 
child was killed, led to stricter definition 
of the responsibility of drivers to stop when 
the communication chain is pulled, though 
in this particular instance it would have 
made no difference if the train had stopped 
at once. 


In the case of railway servants, 182 were 
killed and 2532 injured in 1949 in this 
class of accident. The figures for staff 
working on the line were 53 deaths and 
129 injuries, all the fatalities and most of 
the injuries being caused by engines and 
trains striking men. ‘The report reviews 
at some length the various circumstances 
coming into this category of accidents, such 
as inadequate protection, lookout man at 
fault, failure to act correctly after warning, 
want of individual care or lack of care 
on the part of others and so on, and 
remarks that: « Accidents to men through 
being struck by trains while at work on 
the permanent way continued to receive 
close attention, and in every case a formal 
inquiry was held and the site visited in 
order that all the circumstances might be 
taken into consideration with a view to 
guarding against a recurrence. It is, satis- 
factory to find that, under « protection 
inadequate », the improvement which was 
so noticeable in 1948, has been maintained, 
although the general shortage of manpower 
must at times have placed the ganger or 
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man in charge in a difficult position, when 
deciding whether or not to appoint a look- 
out man. » We read further that want of 
individual care and failure to comply with 
rules, such as that requiring a man to move 
clear of all tracks unless he can distinctly 
see that he is in no danger, after warning 
is given, continues to play a large part in 
this matter and is naturally difficult to 
counteract. Colonel Wilson. feels that, 
though collective approach requires special 
arrangements, « better education in safety 
matters is the only means whereby these 
accidents, many of which are inexcusable, 
may be reduced ». He considers also that 
it is not enough to leave this to the gangers, 
whose whole experience is limited often 
to one length of line and whose own con- 
duct is not always what it might be in this 
matter. The inspectors are in a_ better 
position but, like the gangers, they do not 
always appreciate that the safety of the 
men is as much their responsibility as that 
of the track, and the report records the 
opinion that « a prize length loses much 
of its credit if the gang has a bad record 
of accidents to its members ». 

Accidents to staff walking or standing on 
the line, or when proceeding to and from 
work, in turn involved many cases of 
failure to follow well-known safety rules 
or take the authorised route, laid down 
expressly for no reason but the staff's safety. 
In the case of shunting, many regrettable 
accidents have again to be recorded, attri- 
butable to failure to obey rules or take 
known and reasonable precautions. Review- 
ing these and certain other movement and 
non-movement accidents the report says: 
« Rules, notices, and appliances are pro- 
vided to guard against dangers whenever 
possible, but it must rest mainly on the 
individual to take full advantage of them, 
though in some types of accident stricter 
supervision might have a beneficial effect. » 
It is to be noted that there were no fatali- 
ties due to contact with electrical track 
equipment, but 31 men were injured. In 
1948 there were 37 injuries and one fatality. 

The report refers to the question, 
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reviewed at length by Sir Alan Mount in 
the previous year, of trespassers, chiefly 
children, coming in contact with live rails; 
in one case access to the line had been 
obtained by scraping a burrow under a 
high mesh fencing, which illustrates how 
great is the difficulty of preventing a 
determined and adventurous child from 
achieving its purpose of getting to the line, 
but « whatever is done, in the way of 
fencing » — says Colonel Wilson — « the 
most effective remedy lies in greater recog- 
nition by parents and others of their 
responsibility for preventing trespass on 
the railway by children in their charge ». 
The average age of the children concerned 
in the 27 cases in 1949 was 6 1/2 years; 
all but one were boys. 

The report concludes by reviewing at 
some length the general features of the year 
and the progress made amidst many diffi- 
culties, in overtaking arrears of main- 
tenance of track, rolling stock, signalling, 


FATALITIES IN TRAIN ACCIDENTS — CLASS 1 


ALL PERSONS 
ssessecssneeess PASSENGERS 


fe} : . if 
1920 1925 1930 1935 1940 1945 350 


Comparison of fatalities from 1920-1949. 


and other equipment, and in introducing 
new and improved methods of operation, 
as in the case of the re-signalling of the 
electrified lines between London and Shen- 
field. Financial stringency is hindering 
signalling modernisation, but « the unifica- 
tion of management under nationalisation 
has facilitated the consideration of prio- 
rities with a country wide outlook... ». In 
this way improvements can be concentrated 
where most needed, but, it is emphasised, 
the good overall safety record for 1949 in 
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no way lessens their desirability. Of the 
1176 train accidents 63 were attributed to 
signals not being obeyed, and it was con- 
sidered that automatic train control of the 
warning type might have been effective in 
25 cases. The trial of the new design of 
apparatus, combining the long-tried West- 
ern Region cab equipment with track 
inductor operation, as used on the South- 
end (via Barking) line, is proceeding 


between New Barnet and Huntingdon and 


65 engines are being equipped in connec- 
tion with it. 

« Operation is becoming more efficient > 
says Colonel Wilson « as the condition of 
track and rolling stock improves, and, apart 
from ill fortune, there appears to be no 
valid reason why the good safety record 
of 1949 should not be maintained and 
improved in spite of the factors which 
are retarding progress in many directions. 
But whatever is done in the way of provid- 
ing modern safeguards — and the maxi- 
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mum possible should be done with appro- 
priate priorities according to traffic and 
other conditions — much will always 
depend on the men themselves and on 
their supervision and training. ‘There are 
still too many accidents which could be 
avoided by ordinary attention to duty, 
including the faithful observance of simple 
safety rules and instructions. This is a 
question of morale and discipline which 
affects all grades of the staff and it con- 
tinues to receive the attention it deserves. 
Good leadership and encouragement of the 
right outlook by careful training, tactful 
supervision, and clarity of verbal and 
written instructions are essential, but in 
the railway service where so many men 
have to work for long periods at a time 
without supervision, and often alone, the 
self discipline of individuals, which is 
perhaps its highest form, is of supreme 
importance to the safety of the public and 
of themselves. » 


[ 625 .234 (73) ] 


Radiant heating of railroad cars. 


(From the Railway Mechanical and Electrical Engineer, March, 1950.) 


A system in which comfort is obtained 
by heating room surfaces or panels, instead 
of using convection heating of room air 
only, is called radiant heating. To under- 
stand what advantages can be gained from 
employing radiant heat in railroad passen- 
ger Cars, it is important to understand at 
first what constitutes human comfort and 
what factors affect the comfort of average 
normal human beings. 

The most important function of any 
heating system is to control environmental 
conditions so that the body will lose only 
the heat that is produced within it — no 
more and no less. Fortunately, the human 
body has a wonderful control mechanism 
which enables it to regulate, to a remark- 
able extent, the production and dissipation 
-of heat. “When the heat dissipation differs 
from the heat production, a physiological- 
psychological-thermostat goes into action 
to adjust digesticir of food, flow of blood, 
action of skin tissues, etc., until the heat 
produced by the body equals its heat dissi- 
pation, so that small variations in tem- 
perature, humidity, wind and latitude, do 
not disturb comfort. However, when 
environmental conditions cause large dif- 
ferences between heat production and heat 
dissipation, the capacity of the human 
thermostat is exceeded and discomfort is 
noticeable. 

The rate at which heat is produced 
within the body depends partly upon age, 
sex and size of the person, but activity is 
the predominant factor. The heat pro- 
duced within the bodies of normal adults 
differs under different conditions of acti- 
vity in a passenger car. For example, the 
body of a _ person sleeping produces 
290 B.t.u. per hour, which may be com- 
pared with 380 B.t.u. per hour when seated 
at rest and 760 B.t.u. per hour when 
walking at 2 m.p.h. or equivalent activity. 


Heat is dissipated from the body largely 
by convection, radiation and evaporation, 
loss by conduction being negligible. 

The major factors which determine the 
heat dissipation by these processes are: 
1) Temperature of air within the room — 
inside air temperature, {;; 2) temperature 
of inside surfaces of the room — radiant 
temperature, {¢,; 3) velocity of air — drafts; 
4) moisture content of air — humidity. 

If the room air temperature is below 
70° F., as is usually the case when radiant 
heat is used, humidity has little effect on 
heat dissipation from the body. Also, 
drafts must be kept below 40 ft. per min. 
to prevent unequal heat loss from different 
parts of the body. A common procedure 
is to assume moderate humidity and mo- 
derate drafts, and express the relation 
between the mean ambient temperature 
and the mean radiant temperature in the 
form of a simplified approximate equation, 
called the « Comfort Equation ». 


eel, or Au 


The equation indicates that if the am- 
bient temperature is 74° F., the radiant 
temperature should be 66° F. If the ra- 
diant temperature is raised to say 72° F. by 
heating the surface inside the car, it is 
possible to maintain comfort even when 
the ambient temperature is only 68° F. 


Advantages of radiant heating 
of railroad cars. 


Modern conventional heating systems for 
railroad cars are arranged to control am- 
bient temperatures only and no attempt is 
made to control the radiant temperature. 
Table I gives inside surface temperatures 
for different outside temperatures, based 
upon a coach of average construction hay- 
ing overall coefficients of heat transfer of 
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0.65, 0.22 ‘and “0:17 B-t per hour) per 
sq. ft. per deg. F. for windows, exposed 
walls, and ceiling and floor, respectively; 
and inside air temperature of 74° F. 


TABLE If. 


Variation in temperature of inside surfaces and 
inside radiant temperature with outside temper- 
ature (Deg. F.) 


Mean 
radiant 
temper. 


Exposed 
wall 


Ceiling 
and floor 


3 
} 
so) 
AS 
S 


a 
S 
oO 


69.0 
63.5 
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As outside temperature decreases, the 
temperature of surfaces inside the car 
decreases so that the radiant temperature, 
t,, inside the car is also lowered. Conse- 
quently, the decrease in 4, requires a higher 
ambient temperature, /,, in order to satisfy 
the comfort equation. This explains why it 
is necessary with conventional systems to 
use thermostats with variable temperature 
settings. 

Conventional heating systems generally 
use steam radiators which are located along 
the outside walls near the car floor in an 
effort to campensate for the large amount 
of heat that is radiated from passengers to 
cold windows and cold walls. However, 
difficulty arises from the fact that the heat 
radiated from these radiators while steam 
is flowing remains almost constant because 
the temperature of the heating fluid 
(steam) remains practically constant, even 
though the demand varies. Since the tem- 
perature of walls and windows depends 
upon outside temperature, the amount of 
heat dissipated from passengers to these 
surfaces, and hence the demand, varies 
directly with outside temperature. This 
condition can be improved by using hot 
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water heating systems (1) * because the 
desired surface temperature of the hot 
water radiator can be achieved by con- 
trolling the temperature of water. 

Stratification of air in layers of different 
temperature is almost negligible in modern 
conventional heating systems. But, there 
is generally a large variation of radiant 
temperature within the passenger space. 
Unfortunately, stratification of radiant 
temperature is seldom given much atten- 
tion, even though from the standpoint of 
comfort this is as important as the stratifi- 
cation of air temperature. 

Radiant heating has several other inhe- 
rent advantages. For example: fig. 1, 
which has been prepared from various 
sources including reference (2), shows 
that the range of the comfort zone is 
increased when the ambient temperature is 
decreased and the radiant temperature is 
increased. This increased range of the 
comfort zone is especially valuable for 
providing comfort in spite of wide dif- 


90 


Air Temperature in Room,°F 


40 50 60 70 80 90 
Mean Radiant Temperature, °F 

Fig. 1. — Range of comfort at 50 per cent 

relative humidity and 25 f.p.m. air 

velocity. — Note that the comfort zone 


increases as the radiant temperature 
increases. 


* Numbers in parentheses refer to 


gradhy on page 464. 


biblio- 


JuLy 1951 


ferences in passenger requirements due to 


amount of clothing, activity, personal 
idiosyncrasies, sex, etc. The use of lower 
ambient temperatures, which is possible 


with radiant heating, reduces the shock 
effect that is felt on leaving or entering the 
heated room, and it imparts a feeling of 
freshness and vitality. 

Reference (3) states that « the optimum 
condition for comfort probably lies around 
an air temperature of 55° F. ». It is men- 
tioned in reference (4), « Ellisworth Hun- 
tington collected statistics showing best 
mental function at 38° to 40° F., whereas 
64° F. seemed optimal for physical perform- 
ance ». Such low temperatures may be 
impracticable for railroad cars, but these 
statements indicate that low ambient tem- 
peratures properly proportioned to mean 
radiant temperatures produce pleasant and 
healthful conditions. The use of low am- 
bient temperature can also reduce the 
steam comsumption per car and_ thereby 


Fig. 2. 


— Roomette with radiant heat in exposed wall and ceiling. 
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permit an increase in the number of cars 
per train presently limited by the amount 
of steam that can be conveyed from loco- 
motive to cars through the train line. 

A recapitulation of the foregoing remarks 
is presented in the following list of advan- 
tages of radiant heating of railroad cars 
compared with the conventional heating 
systems : Removal of the necessity for high 
inside air temperatures under cold weather 
conditions; elimination of cold and extrem- 
ely hot surfaces; reduction in variation of 
radiant temperature within the passenger 
space; elimination of floor heaters and con- 
sequent saving in space and cost; wider 
range of comfort zone and more pleasant 
and healthful passenger environment. 


Location and limiting temperatures 
of panels. 


The most effective location of heating 
panels is in the exposed walls, especially 


Note that radiation 


is received by passenger in sitting position (left) as well as in sleeping position (right). 
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the area below the window which can be 
arranged to radiate heat to the legs and 
feet of the passenger sitting near the 
window, and the area at the sides of the 
window which should be proportioned to 
neutralize the effect of cold window sur- 
face, so that heat will be radiated to his 
shoulders. Cold window surfaces may be 
entirely eliminated by installation of elec- 
trically heated glass, but the cost of instal- 
lation as well as the operating costs are 
comparatively high. The temperature of 
heating panels below and alongside the 
window should not exceed about 105° F. to 
avoid being uncomfortably warm to touch. 

In order to eliminate radiant heat 
shadows, it is desirable to locate panels in 
two surfaces at right angles. The second 
surface may be fhe: ceiling or the floor, first 
being the exposed walls. In case of sleep- 
ing cars, floor heat is not desirable since 
the radiation effect from the floor will be 
almost completely shadowed by the berth. 
Fig. 2 shows a roomette with panels in the 
exposed wall and the ceiling, which assures 
adequate radiant heat to the passenger 
under all conditions. The average surface 
temperature of the entire ceiling area 
should not exceed 85° F. in order to over- 
come stratification of air in layers of dif- 
ferent temperature which is difficult to 
avoid in rooms having low ceilings (5). 
Localized ceiling areas, however, may be 
considerably higher than the recommended 
85° F. provided the average surface tem- 
perature of the entire ceiling does not 
exceed this figure. 

For coaches, floor heat is desirable since 
the passengers are close to the floor, in 
spite of the fact that the percentage of heat 
given up by radiation is less for the floor 
than for the ceiling and the fact that heat 
radiated from the floor is shadowed by 
chairs. ‘The average surface temperature 
from the floor should not exceed 80° F. 
although local temperatures up to 85° F. 
are not objectionable. Floor temperatures 
higher than these tend to cause foot dis- 
comfort, sweating due to perspiration, 
swelling and itching. Fig. 3 shows a coach 
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with heated floor, a panel below the win- 
dow, and a panel in the ceiling; this arran- 
gement would provide equal comfort to all 
passengers. 

For cars having rooms in which heating 
panels can be located in walls opposite 
windows, it is highly inadvisable to do so. 
Such panels will increase the radiant tem- 
perature gradient in the room, and waste 
a considerable amount of heat by radiating 
to the windows in spite of the fact that 
glass has good reflectivity and low emis- 
sivity for low temperature radiations hay- 
ing long wave-length. 

The final decision regarding location of 
panels must also take into consideration 
the aspect ratios of the room as well as the 
locations of openings for air supply, air 
exhaust, and recirculated air, in order that 
local drafts and stratification of air tem- 
perature may be kept at a minimum. For 
instance, when using ceiling panels, if the 
air supply inlets are located in the ceiling 
and have fairly high discharge velocity, the 
sweeping action of air over the ceiling sur- 


Fig. 3. 
exposed wall, 
in aisle seats and window seats can be 
equally comfortable. 


— Coach with radiant heat in floor, 
and ceiling. — Passengers 
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face may result in objectionably-high air 
temperature near the ceiling. With these 
conditions, the average surface temperature 
of the ceiling may have to be limited to 
75° F., instead of the recommended 85° F, 
average. Consideration should also be 
given to the possibility of using the same 
panels for radiant cooling during warm 
weather. 
Composition Flooring 


Corrugated Plate Hot Water Pipe 


Plywood Flooring 


‘ 4) °) at Insulation Reema 12 
s tip ee ay ee 
Lt SO ra = 


Fig. 4. — Vertical section through floor 
showing a method of installing hot water 
pipes. 


Medium of heating. 


Hot water, steam, hot air, or electricity 
may be used as the heating medium. There 
are two major advantages of using hot 
water instead of steam for radiant heating. 
First, hot water panels have practically 
uniform surface temperatures over the 
entire heating area, whereas, steam panels 
are generally much warmer on the steam 
side than on the condensate side. Second, 
surface temperature of hot water panels can 
be controlled by varying the water tem- 
perature in accordance with the load 
requirements, whereas an off-on control 
must be used for steam panels because 
pressure and temperature of the steam sup- 
ply remains practically constant regardless 
of the heating demand. ‘The last disad- 
vantage may be eliminated by using steam 
under vacuum, which, however, creates 
several other undesirable features when 
applied to railroad cars. The principal 
disadvantage of hot water systems is the 
increment in the weight of the car due to 
the weight of water in the system. 
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An example of water-heated floor panels 
as applied to several railroad cars built in 
Mexico is given in reference (6). 

Hot air has been satisfactorily used for 
radiant heating of buildings (7, 8 and 9). 
Its application to passenger cars is especially 
attractive, since the same system may also 
be used for panel cooling with practically 
no changes in the existing cooling unit and 
only minor changes in the duct system. 
Several different designs of air flow are 
possible. For instance, air ducts may be 
built into ceilings and exposed walls and 
arranged so that hot air will flow along 
the ceiling and the exposed walls and be 
discharged into the car near the floor 
through properly designed outlets; or end- 
less air duct system may be built into 
ceilings, exposed walls and floors, and 
arranged so that hot air will be circulated 
continuously through the duct system with- 
out being discharged into the car. In the 
latter type of heating or cooling system, it 
is necessary to supply air required for ven- 
tilation by means of an entirely separate 
system of fans, ducts, heat exchangers, etc. 
A third method of air flow can be accom- 
plished by means of air ducts built into the 
floors and exposed walls, and arranged so 
that the hot air entering the floor duct will 
travel outwardly along the floor and up- 
wardly through the exposed walls and be 
discharged into the car through properly 
designed outlets located near the ceiling. 
The window may be warmed by providing 
perforations or slots in or along the win- 
dow sill whereby some warm air from the 
side wall duct can be made to flow over 
the glass. 

For railroads using overhead electric 
power, heating the panels electrically is the 
most direct method. However, for steam 
or diesel-driven trains, the available axle 
generator capacity is only sufficient to 
warm the walls of the windows and thereby 
augment the heat supplied by the steam 
heating systems. Furthermore, when axle 
generators are used, electric heating is 
inefficient since it involves conversion of 
heat energy into work (a process having 
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low efficiency) in the locomotive, work into 
electric energy in the generator, and finally 
the conversion of electric energy into heat. 


Some special problems. 


While solutions of most of the problems 
related to design of radiant heating systems 
for railroad cars may be obtained by 
referring to publications devoted to the 
theory and practice of radiant heating as 
applied to buildings, there are several pro- 
blems that are peculiar to railroad cars. 
These problems may be solved by ana- 
lytical and experimental methods based 
upon fundamental laws of heat transfer 
and well-known principles of engineering. 
For instance, when the heating medium is 
hot air circulated through ducts, it is im- 
portant to know the variation of air tem- 
perature in the duct since the air temper- 
ature determines the panel temperature. 
A theoretical analysis of this problem 
points out a remarkable fact; that is, the 
temperature drop of air in a duct depends 
upon the c.f.m. per ft. width of the duct, 
and not upon the velocity of the total c.f.m. 
in the duct. The air velocity is unim- 
portant as long as it is kept within the 
noise limit. Another special problem arises 
when spacing of hot water pipes is con- 
sidered. The pipes of the hot water 
radiant heating systems in buildings are 
generally imbedded in concrete at a dis- 
tance of | to 6 in. from the heating surface. 
This helps in obtaining fairly uniform sur- 
face temperatures. In railroad cars the 
pipes in the floor have to be placed at a 
distance of about 1/2 to 1 in. from the 
inside surface, as shown in links, 28, NIKKY: 
the heat loss through the floor is much 
greater in railroad cars than in buildings. 
Therefore, the design data commonly used 
for finding suitable spacing of pipes in 
buildings cannot be directly applied to 
railroad cars. More data must be deve- 
loped if local hot spots are to be avoided. 

In radiant heating, it is important that 
the heating arrangement be well engin- 
eered. The history of radiant heating of 
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buildings is full of cases where application 
of rough rules of thumb led to disappoint- 
ing results. If similar disappointinents are 
to be avoided in railroad cars, it is neces- 
sary that the basic problems be attacked 
first by analytical and experimental 
methods before the development of a satis- 
factory radiant heating system for railroad 
passenger cars can be expected. 
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OFFICIAL 


INFORMATION 


ISSUED BY THE 


PERMANENT COMMISSION 


OF THE 


International Railway Congress Association. 


Meeting of the Permanent Commission, held in London, on March 5th, 1951. 


At the invitation of the British Rail- 
ways, the Permanent Commission of the 
International Railway Congress Associa- 
tion met at the Railway Executive head- 
quarters in London, on March Sth, 1951. 


2K ok 


Mr. Detory, President, opened the 
meeting by thanking the British Govern- 
ment and Railway authorities for the 
great welcome extended to the members 
of the Permanent Commission, and ex- 
pressed his particular gratitude to LorD 
Hurcoms, Chairman of the British Trans- 
port Commission, through whom the 
invitation was issued. 


THE PRESIDENT then made a Start on 
the aggenda and asked the Meeting to 
approve the minutes of the meetings 
held in Rome on September 29th and 
October 4th, 1950. 
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Mr. GHILAIN, Vice-President and Ge- 
neral Secretary, advised the Meeting of 
alterations in the composition of the Per- 
manent Commission since its last meeting, 
as well as the steps taken to fill vacancies. 

The Meeting then nominated the fol- 
lowing as members of the Permanent 
Commission : 


M. Xavier Remy, Directeur des Chemins 
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de fer Fribourgeois et Président de 
l'Union d’Entreprises suisses de Trans- 
port, in place of M. MARGUERAT, resigned; 


Mr. Halvdan E. Stokke, General Ma- 
nager of the Norwegian State Railways, 
to replace the late Mr. Egil SUNDT; 


Dr. M. SCHANTL, General Secretary of 
the Austrian Federal Railways, in place 
of Dr. Friedrich MAYER, who has retired; 


H.E. Mohamed EL WAKIL, Minister of 
Communications in Egypt, in place of 
H. E. ALy ZAKI EL OrABY Pacha; 


Mr. John EL.iot, Chairman of the 
Railway Executive (British Railways), in 
place of Sir Eustace MISSENDEN, who has 
retired ; 


Lt Cols. G.-R=.97 WILSON Chief iin- 
specting Officer of Railways (Great Bri- 
tain) in place of Sir Alan Mount, who 
has retired; 


Dr. Eng. Filippo FAzi1o, Chef du Service 
de la voie des Chemins de fer de |’Etat 
italien, nominated to take the place of 
Mr. G. pI RAIMONDO, who has become a 
life member of the Permanent Commission 
as former President of a Session; 


Mr. Vito PERRONE, Ingénieur, Inspecteur 
Général Supérieur de la Motorisation 
Civile et des Transports concédés (Italie), 
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to replace Mr. Ugo VALLECCHI, Engineer 
who has retired; 


Mr. Tusa, General Secretary of the 
International Railway Union, succeeding 
Mr. G. PADER, who has retired. 


— The complete list of the members of 
the Permanent Commission is given in the 
Appendix. 

ok 

Mr. GHILAIN, General Secretary, then 
gave the Meeting details of the provi- 
sional programme for the Enlarged Meet- 
ing of the Permanent Commission in 
Stockholm in 1952, at the suggestion of 
Mr. E. G. J. UPMARK, General Manager 
of the Swedish State Railways. This 
meeting will take place in the first fort- 
night in June 1952 and will consist of 
several technical meetings at which three 
questions selected from those put forward 
by the member Administrations will be 
discussed. 

The Meeting selected the three following 
questions and choose the countries, who 
will be asked to nominate reporters for 
these questions. 


SECTION L 
Way and Works. 
Question I : 


A, — What are the new safety measures 
taken for level crossing of railway tracks 
by the Road in respect of the density, 
high tonnage and speed of the road 
traffic ? 

In particular automatic signalling and 
closing of level crossings without keepers, 
worked by the trains themselves. 

Technical and statistical investigation in 
order to ascertain the relative safety of : 


1° level crossings with keepers, with 
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the different devices to announce the 
arrival of the trains to the keepers; 
2° level crossings without keepers : 
a) without any self-acting device 
announcing the arrival of trains; 
b) with automatic signalling for the 
road-users; 
c) with automatic signalling com- 
pleted by half- or entire gates. 
B. — Level crossing of railway tracks 
by road with a railway (suburban or 
urban) running alongside. 


Reporting countries : 


French speaking : France. 
English speaking : Great Britain. 


SECTION III. 


Working. 
Question 2: 


What are the quickest and most econo- 
mical means to carry out door to door 
service for railway transports ? 

What are the best conditions of use 
of containers for small miscellaneous 
trafic (dimensions of the containers, 
conditions of ownership, tariffs). 

What are the packing types to be 
recommended ? 


Reporting countries : 


French speaking : Switzerland. 
English speaking : Netherlands. 


SECTION IV, 
General. 
Question 3 : 
Economic aspects of : 


a) discontinuing service on old railway 
lines; 
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5) construction of new railway lines; 
with regard to the possibility of handling 
transport with other means. 


Reporting countries : 
French speaking : Belgium. 
English speaking : Sweden. 
— The list of questions and names of 
the reporters will be published very shortly. 


The Meeting agreed to a suggestion put 
forward by the GENERAL SECRETARY re- 
garding the size of delegations to the 
Meeting. Members of the Permanent 
Commission will be allowed to take one 
or two members of the higher grades of 
staff of their Department with them, as 
on the occasion of the Enlarged Meeting 


at Lisbon. 
2 ok OK 


Mr. UPMARK, General Manager of the 
Swedish State Railways, made a few 
comments inspired by the works of the 
Rome Congress; concerning on the one 
hand the preparation of the Reports, and 
on the other the procedure to be followed 
during the discussions by the Sections. 


After an exchange of opinions between 
the PRESIDENT, Mr. GHILAIN and Mr. Up- 
MARK, and at the suggestion of Mr. DEN 
HOLLANDER, Chairman of the Netherlands 
Railways, it was decided to set up a Sub- 
Committee consisting of the Executive 
Committee of the Association together 
with Messrs UPMARK and DEN HOLLANDER, 
which would be responsible for examining 
these questions. The report issued by this 
Sub-Committee will be put before the 
Permanent Commission at the Stockholm 
meeting. 

2k 2K 2K 


Mr. GHILAIN, General Secretary, ad- 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


467 


vised the Meeting that the enquiry 
prescribed by Article 4 of the Rules and 
Regulations concerning the request of the 
Kingdom of Cambodia had obtained the 
necessary number of favourable replies. 
The list of countries appended to the 
Rules and Regulations will therefore be 
completed. 
2 KK 

The financial accounts for the year 
1950 were approved by the Meeting, as 
well as the budget for 1951. In order to 
meet the expected financial demands, 
especially for the organisation of the 
Enlarged Meeting at Stockholm in 1952, 
and the next Congress to be arranged in 
1954, the Meeting decided to increase the 
variable part of the contribution for 1951 
to 0.23 Gold-franc and to propose rates 
of 0.25, 0.26 and 0.28 Gold-franc for the 
years 1952, 1953 and 1954 respectively. 
It will be remembered that the maximum 
fixed in the Rules and Regulations can 
be as much as one third of the Gold-franc. 


7K OK 2 


Account was taken of the changes in 
membership which have occurred since 
the Meeting of the 4th October 1950. 

The International Railway Congress 
Association now includes 35 Govern- 
ments, 8 Organisations and 105 Admi- 
nistrations, with a total development of 
approximately 450 000 km (280 000 miles). 


7 28 3 


An examination of certain points con- 
cerning the activities of the Association 
since the last meeting concluded the 
meeting. 


The President, 
F. H. DEtory. 


The General Secretary, 
P. GHILAIN. 
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NEW BOOKS AND PUBLICATIONS. 
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L’Informateur du Rail. — A brochure published under the auspices of the Swiss Federal 
Railways. — No. 2, Summer, 1950 (5 1/2 8 1/4 in.), about 50 pages, with numerous 
illustrations. Orell Fiissli, publishers, Ziirich. (Price : 0.80 Sw. lig) 


L’'Informateur du Rail, which is designed 
to inform the public on the work and 
administration of the Swiss Federal Rail- 
ways, a State undertaking, was first publish- 
ed in the autumn of 1948. 


Since then the technical, economic and 
financial aspects of railway problems have 
been somewhat altered. “The management 
reports and annual statistics have been af- 
fected by these changes but it nervertheless 
seems not inappropriate to illustrate and 
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comment upon them again in a brochure 
of this kind. 

L'Informateur du Rail is, in effect, in- 
tended solely to inform the ordinary citizen, 
who may not be a specialist, of the many 
problems which a railway undertaking must 
settle in its purpose of serving the public. 

It is published in’ French, German, 
Italian and English and is on sale at most 
bookstalls and railway booking offices of 
the Swiss Transport undertakings. 


KOSTER (Ir. J. P.), Electrical Engineer, attached to the Electric Department of the 
Netherlands Railways Rolling Stock, Shops and Electrification. — Gelijkstroomtractie 
op Hoofdspoorwegen (Direct current electric traction on main line railways ).— One volume 
(6 3/4 x 9 1/2 in.) of 588 pages with 274 figures and IX plates. — 1949, Haarlem, Ant- 


werpen, Uitgeverij J. H. Gottmer. 


Statistics relating to the development of 
electric traction show that the Netherlands 
Railways had 130 km (81 miles) of elec- 
trified lines by 1927, representing 3.8 % of 
the system. Consequently their experience 
in this matter is already long. At that time, 
they held the fourth place amongst the 
European systems. In 1947, they were still 
fourth with 570 km (354 miles) of elec- 
tritied” line}: 1:e./16.7 9% of the system. ~ In 
addition the programme under preparation 
covered a further 965 km (597 miles) of 
line. 

Other statistics show that direct current 
is the most widely used, at least if the 
number of countries using it is taken into 
account. 

Without overlooking the qualities of the 


single phase system, the author has limited 
his subject to direct current traction on 
main line railways. ‘The applications of 
electrotechnique to traction have developed 
to such an extent that it is no longer pos- 
sible to cover the whole field in a book of 
standard size. Having limited his subject 
in this way, owing to his considerable 
experience, the author has been able to 
deal with it under its various aspects in a 
very thorough manner. 

The study is divided into two main 


parts, on the one hand the installations 
intended to supply the current to the 
motors, and on the other the rolling 


stock including the locomotives and motor 
coaches. 
An introduction 


makes a comparison: 
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between electric traction and other methods 
of traction, gives the history of the develop- 
ment of electric traction and compares the 
direct current system with other systems. 

The latter are considered in the order in 
which they are now favoured, starting with 
the most popular. The three phase system, 
in spite of the very successful use made of 
it in Italy, is handicapped by the double 
contact wire required and the special 
characteristics of the motors. Having gone 
into every point, the author gives the chief 
advantage of direct current as the charac- 
teristics of the series motor which is the 
traction motor per excellence. He also 
discusses the question of the voltage of the 
‘supply. Summing up, he explains the prin- 
-cipal circumstances which in his opinion 
determine the choice of current and voltage. 

The installations for supplying the cur- 
rent to the locomotives start with the main 
high tension supply lines and include in 
particular the substations and overhead 
lines. Much space is devoted to the equip- 
ment upon which the safety of the supply 
depends. 

In transforming the current, rotary ma- 
chines have been superseded by mercury 
vapour rectifiers. Very detailed descrip- 
tions are given of the latter, together with 
a study of the working of an automatic 
substation. The voltage transformers re- 
quire special arrangements on account of 
the special characteristics of the rectifiers 
fo which they supply current. 

Overhead lines are tributaries of elec- 
tricity and of mechanics which play their 
part in determining the arrangement to be 
adopted. Complete calculations are given 
both as regards the load and voltage drops 
in the catenaries and the fatigue of the 
materials used for the lines and their sup- 
ports. 

The third rail method is given the 
attention it deserves. The return of the 
current through the rails gives rise to losses 
of current and to voltage drops which must 
‘be realised sanely and met by the use of 
devices which are still capable of improve- 
ment. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


Juty 1951 


Towards 1936, the struggle between the 
different types of drive ended in the victory 
of the individual axle drive method. The 
author deals only with the latter, and gives 
the most recent and successful applications. 
Before this, he went into the mechanical 
and electrical requirements of the motors, 
with all the possibilities of coupling in- 
tended to satisfy the different running con- 
ditions. The mechanical details of the 
locomotives together with a description of 
the electrical equipment ends the chapter 
dealing with the most important traction 
unit. 

Another chapter describes the electrical 
arrangement of rail motor coaches, used 
to a large extent for passenger services. 

From the point of view of the electric 
braking, single phase and direct current 
motors are very different, and this matter 
is discussed taking into account the nature 
of the current supply and the transforma- 
tion equipment. 

In the chapter devoted to lighting, the 
author describes two recent methods, the 
main principle of which is a regulator to 
assure a sufficiently constant voltage for 
the bulbs and obtain a satisfactory rate of 
charging of the auxiliary battery. In the 
case of the heating of coaches, the arrange- 
ments analysed use electric power exclu- 
sively and cover both stock used on elec- 
trified lines and coaches which sometimes 
run over such lines. In this case heating 
by hot air is an interesting application. 

The fourth part of the book deals with 
the layout of fixed installations and motor 
vehicles, a study based on a given train 
service. 

There is a supplement of several chapters 
dealing with questions relating to the phe- 
homena encountered with mercury vapour 
electronic equipment. ‘These are entitled : 
Some considerations on the physical func- 
tioning of mercury vapour rectifiers; Return 
currents, cause and remedies; Monoanodial 
rectifiers (ignitrons and excitrons); Change 
of direction. In the latter case, it is ques- 
tion of making equipment, then known as 
direction changers, play the opposite part 
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to that normally asked of them, so as to 
supply the system with electric current 
produced by regenerative braking. 

In this brief summary, we have had to 
pass by many interesting points, mercly 
pointing out the main subjects covered. 
But this no doubt will suffice to show the 
merits of the work, which is worth the 
attention of all those for whom the author 
wrote it, i.e. electrotechnical students, those 
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whose profession or duties lead them to 
deal with electric traction, and those who 
are attracted by this extraordinary wide 
application of electricity and wish to in- 
crease their knowledge of the theoretical 
foundation and realisations. 


A copious bibliography at the end of each 
chapter of the work facilitates research. 


i. M. 


KALLA-BISHOP (P. M.). — Tandem compound locomotives. A historical review. — One 
volume (5 1/2 x 8 1/4 in.) of 70 pages with figures and plates. — 1949, London, Kalla- 
Bishop Books, 4 Temple Fortune Court, N.W. 11. (Price : 5/6d.) 


This first half of the twentieth century 
has seen both the perfecting of the steam 
locomotive and the birth of its competitor 
the electric locomotive. ‘The increase in 
the steam pressure and the application of 
superheating were the principal means by 
which an improved efficiency was obtained. 
To these factors must be added a more 
thorough study of the draught and the gas 
and steam Ccircuits.. 

If the thermic cycle alone is considered 
double expansion was the great discovery 
of the last century. Originating from 
France where it remained in favour for a 
long time, it was stabilised in the form of 
the four cylinder mechanism, two high 
pressure on the outside and two low pres- 
sure on the inside of the frame. Elsewhere, 
for example in England, the three cylinder 
combination had a certain success. 

These two solutions however did not 
meet the requirements of those who looked 
askance at the complication involved and 
the additional maintenance of the interior 
mechanism, nor such railways as those of 
the U.S. A. where for the same reasons and 
others the crank axle was unknown. This 
was the reason for the rather surprising 
extension of the tandem compound loco- 
motive. 

In this case the four cylinders are all 


sited on the outside, the two on the same 
side, one in front of the other, which is 
the true tandem arrangement, or else one 
above the other as in the Vauclain method. 
One of the attractions of the tandem con- 
struction was its closer approximation to 
the orthodox two cylinder engine, as well 
as the fact that it avoided the problem 
since solved of the equal distribution of 
the work between the two cylinders. 
This book describes in chronological 
order all the tandems designed and built. 
The work they carried out during what 
often proved to be a very full life, and 
their final end are part of the history of 
this special technique. ‘They were all the 
result of the best railway practice of the 
time, and as is natural, it is above all the 
mechanism and the distribution and start- 
ing gear with which the author is con- 
cerned. The drawings which accompany 
the text show very clearly the cylinder and 
valve gear arrangement adopted, which are 
often rather complicated. The outline 
drawings and photogravures show the 
whole of the mechanism very clearly. 


The steam locomotive has a glorious past 
behind it. Its present position which will 
enable it to play a leading role for many 
years to come is the fruit of the patient 
work of several generations of railway 
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engineers. It is not the least of the author's 
merits that he has contrived to give life to 
his study by linking up his technical con- 
siderations with the names of those who 
played a preponderant part in the original 
inventions. 

In the final chapter the author puts for- 
ward certain remarks upon the compound 
locomotive in general. Then returning to 
the tandem method, he reports and dis- 
cusses the objections that can be raised 
against it. As regards the first which is 
based on the high weight of the equipment 
in alternating motion, it is significant to 
see that the tandems are intended prefer- 
ably for moderate speeds. 

It is nonetheless true, however, that they 
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have done some remarkable work. For 
example the 2-8-0’s built to the designs of 
John Player for the Atchinson, Topeka and 
Santa Fe Railway, where they run on a 
line with a steady rising gradient of 1.33 %, 
crossing the Raton pass on an approach 
gradient of 3.5 %. The locomotives which 
obtained the power record for this railway 
between 1901 and 1903 were built on the 
tandem principle. A_ historical fact is 
brought out here. The 2-10-0 used as 
bankers showed a tendency to derail on the 
way down on curves, so it was decided to 
equip them with a rear carrying axle, which 
gave the 2-10-2 wheel arrangement known 
as the « Santa Fe » ever since. 
E. M. 


First European Machine Tool Exhibition. 


(Paris : from the ist to the 10th September 1951.) 


When finally set up in Paris in October 1950, the European Committee for the 
Cooperation of the Machine Tool Industries decided to organise technical and spe- 
cialist International Machine Tool Exhibitions. 


The unanimous choice of all the countries represented fell upon Paris as the place 
at which the first European Machine Tool Exhibition should be held in 1951. 


This exhibition will be open between the Ist and 10th September 1951 in the 
buildings of the « Foire de Paris » at the Porte de Versailles. 


It will be reserved for machine tool makers, who are members of the Committee 
for the Cooperation of the Machine Tool Industry, together with other countries 


who have been invited to join. 


The General Commissariat of the Exhibition has been placed in the hands of the 
« Syndicat des Constructeurs Francais de Machines-Outils », 2bis, rue de la Baume, 
Paris, who will deal with questions of organisation for visitors (journeys, hotels, etic. a 


In view of the interest and extent of this exhibition, which is also of interest to 
the railways, we thought it advisable to call the attention of readers thereto. 


MONTHLY BIBLIOGRAPHY OF RAILWAYS 


PUBLISHED UNDER THE SUPERVISION OF 
P. GHILAIN, 


General Secretary of the Permanent Commission of the International Railway Congress Association. 


(JULY 1951) 
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TAUSSIN (C.) & HILLY (G.). 
Chaleur et thermodynamique. 3° édition. 


Paris, Dunod, éditeur. Un volume (16 x 25 cm) de 


4 pages, avec 115 figures et 2 planches. (Prix : 1 280 
nes frangais.) 
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INIS-PAPIN (M.). 

La pratique industrielle des transformateurs. 2° édition. 
aris, Editions Albin Michel, 22, rue Huyghens. 
i volume de 197 pages avec 152 figures. 


1950 62 (02 
formulaire de Laharpe. Notes et formules de 1’Ingénieur. 
' édition, refondue sous la direction de MM. DENIS- 
PIN et J. VALLOT. Tome II. 

aris, Albin Michel, éditeur. Un volume (13 19 cm) 
2 200 pages, avec 1 740 figures. (Prix : 4 400 fr. fr.) 


950 62 (O01 
VY (L.). . 

?roblémes de statique graphique et de résistance des 
tériaux. 2° édition. 

aris, Gauthier-Villars, éditeur. Un volume (14 x 


5 cm) de 139 pages, avec 58 figures. (Prix : 900 fr. fr.) 


951 53 
RZAGHI (K.). 

Ulécanique théorique des sols. Traduit par M. BUIS- 
N 


Paris, Dunod, éditeur. Un volume (16 x 25 cm) de 
II + 474 pages, avec 152 figures. (Prix : relié toile, 
30 fr. suisses.) 
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NCENT (J.). 

techerches sur la teneur en matiéres volatiles la plus 
orable des charbons menus utilisés dans les chaudiéres 
locomotives. 

sruxelles, Union Professionnelle des Ingénieurs de la 
iété Nationale des Chemins de fer belges. Une bro- 
ire (21 x 28 cm) de 10 pages. 


In English. 


1951 621 .13 (09 (42) 
ALLEN (Cecil J.). 

The locomotive exchanges : 1870-1948. Second Edition. 

London, Ian Allan Limited, 282, Vauxhall Bridge 
Road, S. W. 1. One volume (8 3/4 x 5 1/2 in.) of 176 
pages. Appendix. Illustrated. (Price : 15 s.) 

1951 
BARCLAY-HARVEY (Sir Malcolm). 

A History of the Great North of Scotland Railway. 
Second Edition. One volume of 231 pages. 

London : The Locomotive Publishing Co. Limited, 
88, Horseferry Road, Westminster, S. W. 1. (Price: 
Dass Gr ds) 


385 (09 (42) 


1951 725 .3 


BARMAN (Christian). 

An introduction to railway architecture. 

London : Art & Technics Limited, 58, Frith Street, 
W. 1, One volume (8 1/2 x 6 3/4 in.) of 104 pages. 
Illustrated. (Price : 15 s.) 


1951 721 9 


BRAY (T. J.). 

A course of reinforced concrete designs. 

London : Chapman and Hall Ltd., 37, Essex Street, 
Wa Gaza (Price .30is.mets) 


1951 625 .28 


BRIAN REED. 

Modern railway motive power. 

London : Temple Press Ltd., Bowling Green Lane, 
E.G) 1. (Price s:8:s) 6d.) 


1951 385 (09 (42) 


ELLIS HAMILTON. 

Four main lines. 

London: Geo Allen & Unwin Limited. Rt skin House, 
Museum Street, W. C. 1. One volume (9 1/2 x 6 1/4 in.) 
of 225 pages, illustrated. (Price : 16 s.) 


(1) The numbers placed over the title of each book are those of the decimal classification proposed by the Railway Congress 


ointly 


with the Office Bibliographique International, of Brussels, (See « Bibliographical Decimal Classification as applied to Railway 


nee », by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the International Railway Congress, p 1509.) 


7* 


1951 537 .8 


Garcke’s Manual of Electricity Supply. 
London : The Electrical Press, Ltd., 23, Great Queen 
Street, W. C. 2. (Price : 63 s.) 


1951 62 
GRASSIE (James C.). 
Elementary theory of structures. 


London : Longmans, Green and Company, Limited, 
6 and 7, Clifford street, W. 1. (Price : 25 s. net.) 


Il. — PERIODICALS. 


[ 016. 385. (05 ] 


In French. 


Bulletin des C. F. F. (Berne.) 


1950 6259255 
Bulletin des C. F. F., novembre, p. 173. 


LEUZINGER (R.). — Les freins pour trains de mar- 
chandises et trains de voyageurs. (1 500 mots & fig.) 


1950 
Bulletin des C. F. F., décembre, p. 188. 


PERROCHON (P.). — Le graissage des locomotives 
électriques. (800 mots & fig.) 


621 .335 (494) 


1951 
Bulletin des C. F. F., janvier, p. 4. 


GUIGNARD (R.). — Les voitures des C. F. F. sur 
pneumatiques « Michelin ». (2 300 mots & fig.) 


625 .212 (494) 


1951 625 .253 
Bulletin des C. F. F., février, p. 21. 


LEUZINGER (R.). — Le frein des voitures légéres 


montées sur pneumatiques « Michelin ». (1 500 mots 
& fig.) 
1951 656 .212 .6 


Bulletin des C. F. F., février, p. 24. 


L’importance des plateaux de chargement (pallets) 
pour le chemin de fer. (3 000 mots & fig.) 


1951 
Bulletin des C. F. F., mars, p. 38. 


Les nouveaux statuts de la caisse de pensions et de 
secours des C. F. F, (3 000 mots.) 


385 .517 (494) 


1951 
Bulletin des C. F. F., mars, p. 42. 
La caisse de transport: « Colico ». (1 000 mots & fig.) 


656 .225 (494) 


1951 385 ( 
LLOYD (R.). 

The fascination of railways. ; | 

London: George Allen & Unwin Ltd., Rusk 


House, Museum Street, W. C. 1. One volume (8 3/4 | 
5 3/4 in.) of 160 pages, illustrated. (Price : 12 \sxondy - 


1951 621 .132 18G 
Locomotive stock book, 1950. 
Cheam (Surrey) : Honorary Publications Officer, 
Railway Correspondence & Travel Society, 18, Holla 
Avenue. One volume (8 x 6 in.), 63 pages + 24 plat 


Paper covers. (Price : 10 s.) 


Bulletin technique de la Suisse romande. 
(Lausanne.) 


| 
1950 621 .335 (4: 
Bull. techn. de la Suisse romande, 9 septembre, p. 2 
BAUMGARTNER (J. P.). — Note sur les oa) 
automotrices C Fe 4/4 des C. F. F. (1 000 mots, tablea 
& fig.) : 
656 .2175) 
octobre, p. “ 


1950 
Bull. techn. de la Suisse romande, 12 
4 novembre, p. 308. 
SUTER (O.). — Ponts a bascule dans le service ; 
chemins de fer. (5 000 mots & fig.) | 


Bulletin de !’Union internationale 
des Chemins de fer. (Paris.) 


1951 385 (09 (3) & 385 .113 
Bulletin de l’Union intern. des Ch. de fer, janvier, 
février, p. 66; mars, p. 122. 
Les Chemins de fer en 1950 (Premiére, deuxiéme, 
siéme et quatriéme parties). (39 000 mots & fig.) | 


} 
1951 385 (09 
Bulletin de Union intern. des Ch. de fer, janvier, p4 
Les Chemins de fer de l’Iran. (2 500 mots.) 
1951 
Bulletin de 1’?Union intern. des Ch. de fer, janvier, 
DREYER (G.). — Les Chemins de fer et les transy 
routiers de yoyageurs en trafic international. (8 000 mj 


1951 656 
Bulletin de l’Union intern. des Ch. de fer, janvier, p 

Acheminement des transports «a petite vites 
(4 000 mots.) 

1951 385 
Bulletin de l'Union intern. des Ch. de fer, janvier, 

Les primes de rendement dans les services de |’Exi 
tation. (5 000 mots.) 


1951 tan 385 .113 (73) 
illetin de 1’Union intern. des Ch. de fer, mars, p. 138. 
PARMELEE (J. H.). — L’activité des Chemins de fer 
\éricains en 1950. (3 000 mots.) 


Notre Métier. (Paris.) 


951 

»tre Métier, 15 janvier, p. 4. 
Autorails triples 4 vapeur pour les Chemins de fer 
yptiens. (500 mots & fig.) 


621 .132 .8 (62) 


1951 621 13 & 656 
ytre Meétier, 15 janvier, p. 10; 29 janvier, p. 10. 
VILAIN (L.). — La locomotive 4 vapeur et les grandes 
esses. (2 500 mots & fig.) 


222.51 


1951 
ytre Métier, 22 janvier, p. 8. 
L’équipement radioélectrique des triages. (1 200 mots 


656 .212 5 (44) 


656 .257 (44) 
ptre Métier, 12 février, p. 8. 
Le nouveau poste des raccordements de Gagny. (1 500 
rts & fig.) 
1951 625 .112 (44 + 460) & 625 .617 (44 + 460) 
ytre Métier, 26 février, p. 2. 
Les wagons a essieux interchangeables. (1 000 mots 
fig.) 


1951 
ytre Métier, 26 février._p. 8. 
Rail-route. Sur quelques sophismes. (2 200 mots.) 


1951 656 .225 (43) & 656 .261 (43) 
otre Métier, 12 mars, p. 7. 

Les nouveaux containers des Chemins de fer fédéraux 
llemagne). (1 000 mots & fig.) 


656 


1951 

ytre Métier, 19 mars, p. 8. 
La productivité a la S. N. C. F. en 1950. (Conférence 
M. P. TISSIER, Président du Conseil d’Administra- 
mn). (3 000 mots.) 


385 .1 (44) 


Rail et Route. (Paris.) 


1950 621 .431 .72 (460) 
ul et Route, novembre-décembre, p. I. 
HAMACHER-HENSE (F. W.). — Premieres impres- 
ys au sujet du train articulé léger espagnol « Talgo ». 
700 mots & fig.) 


1951 621 .33 
iil et Route, janvier, p. 7. 

Electrification des voies ferrées. (Etude préparée par 
$s membres de la Division des Transports de la Com- 


ssion économique pour |’Europe). (3 000 mots & fig.) 


Bey ee 


195] 
Rail et Route, janvier, p. 17. 
LOKEN (Kr.). — Service de ferry-boat entre la Nor- 
vege et le Danemark. (1 000 mots & fig.) 


656 .211 .7 (481 + 489) 


1951 
Rail et Route, février, p. 3. 
TARDY (M.). — Electrification de la ligne Aix-les- 


621 .33 (44) 


Bains-La Roche-sur-Foron par courant monophasé 
20 000 volts-50 périodes. (4.000 mots & fig.) 
1951 621 .33 (44) 


Rail et Route, mars, p. 1. 
BRASSEUR (P.). — La mise en service de la traction 
électrique sur la ligne Paris-Dijon. (5 000 mots & fig.) 


1951 
Rail et Route, mars, p. 15. 
Un nouveau modéele de tramway allemand avec sens 
unique de circulation des voyageurs. (500 mots & fig.) 


625 .62 (43) 


Revue de |’Association francaise 
des Amis des Chemins de fer. (Paris.) 


1950 621 .335 (44) 

Revue de l’Assoc. frang. des Amis des Ch. de fer, mai- 
juin, p. 49. 

GACHE (A.) & CAIRE (D.). — L’évolution de la 
locomotive 2D2 du groupement « Compagnie Electro- 
Mécanique — Compagnie de Fives-Lille ». De la E 501 
a la 2D2 9.101. (7 000 mots & fig.) 

1950 621 .132 .3 (44) 
Revue de I’Assoc. frang. des Amis des Ch. de fer, juillet- 

aout, p. 73. 

CAIRE (D.). — Les locomotives a vapeur 232-R-S-U 

de la Région Nord. (14.000 mots & fig.) 


1950 625 .215 (44) 

Revue de I’Assoc. fran¢. des Amis des Ch. de fer, juillet- 
aout, p. 87. 

GACHE (A.). — Essais a grande vitesse sur les voies 
de la S. N. C. F. de voitures métalliques légeres suisses 
équipées de bogies a suspensions par barres de torsion. 
(1 000 mots & fig.) 


1950 621 .33 (492) 
Revue de |’Assoc. frang. des Amis des Ch. de fer, no- 
vembre-décembre, p. 121. 
NYMEYER (A.). — Lélectrification des Chemins 
de fer Néerlandais. (5000 mots & fig.) 


1950 625 .22 
Revue de |’Assoc. frang. des Amis des Ch. de fer, no- 
vembre-décembre, p. 126. 
BRUHAT (L.). — Faut-il faire éclater le gabarit? 
(600 mots & fig.) 
1950 621 .33 (44 + 45) 
Revue de |’Assoc. frang. des Amis des Ch. de fer, no- 
vembre-décembre, p. 131. 
GACHE (A.). — La traction électrique sur la ligne de 
Culoz & Modane et le Tunnel du Mont-Cenis. (8 000 
mots & fig.) 


1950 625.232 
Revue de l’Assoc. franc. des Amis des Ch. de fer, no- 
vembre-décembre, p. 152. 
COMMAULT (R.). — Les nouvelles. voitures-restau- 
rant de la Compagnie Internationale des Wagons-Lits. 
(1 000 mots & fig.) 


Revue Générale des Chemins de fer. (Paris.) 
1951 625 .13 (44) 
Revue générale des Chemins de fer, février, p. 50. 


FRANCOIS (J.). — La reconstruction du viaduc de la 
Méditerranée sur le Rhone. (4000 mots & fig.) 


1951 621 .431 .72 (65) 
Revue générale des Chemins de fer, février, p. 65. 

LE HORGNE. — Les fourgons automoteurs de 1470 ch 
des Chemins de fer Algériens. (2 000 mots & fig.) 

1951 625 .24 (44) 
Revue générale des Chemins de fer, février, p. 70. 

PELLARIN. — La situation actuelle de la Société 
de Gérance de Wagons de grande capacité. (2 500 mots 
& fig.) 


1951 656 .223 .2 
Revue générale des Chemins de fer, février, p. 74. 

DURAND (P.). — Le transport international des 
wagons de particuliers. (Conférence de Lugano-Novem- 
bre 1950). (2 000 mots.) 

1951 621 .138 .5 (44) 
Revue générale des Chemins de fer, février, p. 76. 

DAVID & DEBERGHES. — L’organisation d’un 
chantier aux Ateliers de machines d’Hellemmes (Région 
du Nord de la S. N. C. F.). (3 500 mots & fig.) 

1951 625 .143 .3 
Revue générale des Chemins de fer, février, p. 84. 

MONNET & PALME. — Contribution a l’étude des 
causes de lusure ondulatoire des rails. (2 000 mots & fig.) 


Revue générale de Mécanique. (Paris.) 


1950 621 .431 
Revue générale de Mécanique, aoiit, p. 296. 

La tenue en service des locomotives Diesel-électriques. 
Cas des locomotives de la S. N. C. F. de 4400 ch, a 
deux moteurs Diesel Sulzer. (S00 mots, tableau & fig.) 


72 (44) 


1950 621 .433 & 621 .438 
Revue générale de Mécanique, septembre, p. 333; octo- 
lf; jo, SIR. 


SERRUYS (M.). — Les moteurs et les turbines 4 gaz. 
(6 000 mots & fig.) 

1950 62 (Ol & 621 392 
Revue générale de Mécanique, novembre, p. 422. 

TAMISEY (L.). — La maintien des hautes propriétés 
mécaniques et des dimensions n’est pas incompatible 
AS le soudage en pénétration profonde. (4000 mots 

g.) 


58 — 


Science et Vie. (Paris.) 


1950 6 
Science et Vie, février, p. 109. 

BRACHET (Ch.). — Comment la science orien 
Vévolution du béton armé. (3 000 mots & fig.) 


1950 625 .42 (4 
Science et Vie, juillet, p. 15. : 
DEVAUX (P.). — Le Métropolitain de Paris rou 


depuis cinquante ans. (5 000 mots & fig.) 


1950 621 .33 (4 
Science et Vie, aout ,p. 76. 

PARODI (H.). — Le bilan de vingt-cing anné 
d’équipement ferroviaire. 50000 km de voies sont éle 


trifiées en Europe. (5 000 mots & fig.) | 


1950 621 .33 ( 
Science et Vie, novembre, p. 275. 
BARJOT (R.). — Sur Paris-Lyon 225 locomotiy 


électriques au lieu de 600 a vapeur. (2 300 mots & fi; 


La Technique Moderne. (Paris.) 


1950 621 .132 .8 & oat 4 
La Technique Moderne, n° 1-2, 1°-15 janvier, p. 7 


Les locomotives a turbine 4 gaz. (1 500 mots & fen 


1950 625.232 ( 
La Technique Moderne, n° 3-4, 1¢'-15 février, p. 49. 

Nouveau train léger a grande vitesse type « Talgoy 
(1 000 mots & fig.) 


1950 621 .133 
La Technique Moderne, n° 5-6, 1¢"-15 mars, p. 73. 

PELLEVAT (A.). — L’application de la chauffe 
mazout aux locomotives a vapeur. (6 000 mots & fig. 


1950 621 .135): 
La Technique Moderne, n° 7-8, 1°'-15 avril, p. 115. 

Nouvelle boite d’essieu pour locomotives. (Boite 
gache). (1 000 mots & fig.) 

1950 62118283 ( 
La Technique Moderne, n° 11-12, 1°"-15 juin, p. 196.) 

La locomotive 232U de la S. N. C. F. (1000 m 
& fig.) 


1950-1951 621 
La Technique Moderne, n° 19-20, 1-15 octo 
p. 309; n° 21-22, 1¢t-15 novembre, p. 351; n° 23 


1et-15 décembre, p. 384; n° 1, janvier, p. 11. 
LETRILLIART (P.) & DELASTRE (J.). — Prod 
tion et utilisation de énergie électrique. Courant cé 
tinu et courant alternatif. (15 000 mots, tableaux & 


Les Transports publics. (Lausanne.) 
1950 
Les Transports publics, mars, p. 3. 


DREYER (G.). — Horoscope des Chemins de 
(2 000 mots.) 


oan ae 


1950 

s Transports publics, aout, p. 3. 
Les Chemins de fer au service des armées alliées d’in- 
sion. (2 500 mots.) 


1950 

s Transports publics, septembre, p. 5. 
DELACARTE (A.). — La S. N. C. F. et la coordi- 
jon des transports. (2 000 mots.) 


623 


656 (44) 


1950 

3 Transports publics, décembre, p. 12. 
TONEATTI (P.). — Une exigence primordiale de la 
e ferrée moderne. (1 500 mots.) 


625 .143 .4 


In German. 


1950 

r Eisenbahnbau, April, S. 73. 
4TECHLER (L.). — Die Umgrenzung des lichten Rau- 
s. Ruckblick und Ausblick. (5 000 Worter & Abb.) 


625.22 


950 

r Eisenbahnbau, Mai/Juni, S. 113. 
SUHN (F.). — Mechanisierung der Oberbauarbeiten. 
300 Worter & Abb.) 


950 

Eisenbahnbau, Mai-Juni, S. 137. 
ROSEMEIER (H.). — Der Gleismesswagen der 
utschen Bundesbahn. (2 500 Worter & Abb.) 


625 .17 


625 .172 (43) 


950 . 621 .138 .1 
r Eisenbahnbau, Juli,*S. 153. 

/TROTHOTTE (P.). — Entliiftung und Rauchabfiih- 
g in Lokomotivhallen. (2 500 Worter & Abb.) 
950-1951 

¢ Eisenbahnbau, August, S. 177; Januar, S. 7. 
AHLING (B.). — Uber die Priifung der Briicken, 
Jen und Dacher. (10000 Worter & Abb.) 


624 (0 


950 625 .111 
> Eisenbahnbau, August, S. 184. 

YELL (H.). — Trassieren einmal anders! (5 000 
rter & Abb.) 

950 ahs) Il 6 CPs) oi 


- Eisenbahnbau, September, S. 195. 
EIBBRAND (K.). — Die Baukosten yon Schiene 
Strasse. (3 500 Worter.) 


f 
950 


625 .142 .4 
’ Bisenbahnbau, September, S. 210. 
VITTE (C.). — Schienenbefestigung auf Stahlbeton- 
wellen. (1 200 Worter & Abb.) 
950 625 .144 .3 


' Bisenbahnbau, September, S. 212. 

[OFER (M.). — Die nachtragliche Verbesserung der 
*rgangsbogen an Bogen-Enden im Nalenz-Verfahren. 
00 Worter, 2 Zusammenstellungen & Abb.) 


Glasers Annalen. (Berlin.) 


1951 621 .431 .72 (43) 


» Glasers Annalen, Februar, S. 41. 


BREDENBREUKER (F.) & FINSTERWALDER 
(A.) — Uber die Versuchsergebnisse der 2B2-Deutz- 


Diesellokomotive mit unmittelbarem Antrieb. (2 500 
Worter & Abb.) 
1951 625 .113 


Glasers Annalen, Februar, S. 44. 
Dr. BASELER. — Das Kurvenproblem. (1 000 Worter 
& Abb.) 


1951 PAN NEM ail 
Glasers Annalen, Februar, S. 45. 

EWALD (K.). — Betrachtungen iiber Leistung, Zug- 
kraft und Geschwindigkeit insbesondere bei Dampflo- 
komotiven. (4000 Worter & Abb.) 


Signal und Draht. (Frankfurt-Main.) 


1950 656 .257 (43) 
Signal und Draht, Juli, S. 97. 

SPROGGEL (R.). — Musterentwirfe zu Hochbauten 
fiir Gleisbildstellwerke Dr. (2 500 Worter & Abb.) 

1950 
Signal und Draht, August, S. 121. 


625 .151 


HASSE (O.). — Ortliche Sicherung yon Weichen. 
(1 500 Worter & Abb.) 
1950 656 .25 (43) 


Signal und Draht, Oktober, S. 149. 

KRAPP (G.). — Die Wirtschaftlichkeit der Organisa- 
tion im Signalwesen der Deutschen Bundesbahn. (6 000 
Worter.) 


1950 
Signal und Draht, November, S. 165. 
SCHMITZ (W.). — Die Wahrscheinligkeit fiir das 
Auftreten von Fehlern in Eisenbahnsignalschaltungen. 
(7 000 Worter.) 


1950 
Signal und Draht, Dezember, S. 183. 
GRANDRATH (F.). — Erhohung der Betriebs- 
sicherheit auf Nebenbahnen. (1 000 Worter & Abb.) 


1950 656 .211 .5 (43) & 656 .254 (43) 
Signal und Draht, Dezember, S. 185. 

SCHEPP (A.). — UKW-Rangieranlage auf dem 
Hauptpersonenbahnhof Wiesbaden. (1 SOO Worter & Abb.) 


656 .25 


656 .25 


In English. | 


Journal of the Institution of Civil Engineers. 
(London.) 


1951 721 9 

Journal of the Institution of Civil Engineers, No. 4, 
February, p. 231. 

Research and developments in pre-stressing. (31 pages.) 


1951 PAl 
Journal of the Institution of Civil Engineers, No. 4, 


February, p. 262. ; 
Recent research in reinforced concrete, and its appli- 


cation to design. (68 pages.) 


1951 625 .13 (42) 
Journal of the Institution of Civil Engineers, No. 5, 
March, p. 53. 


CAMPION (EF. E.). — Part reconstruction of Bo-Peep 
tunnel at St. Leonards-on-Sea. (25 pages & fig.) 
Journal of the Institution of Civil Engineers, No. 5, 

March, p. 76. 

KING (C. W.). — Arley tunnel : remedial works 

following subsidence. (37 pages & fig.) 


Journal of the Institute of Transport. (London.) 


1951 385 (09 
Journal of the Institute of Transport, January, p. 41. 

den HOLLANDER (F. Q.). — The future of railways. 
(5 500 words & fig.) 

1951 625 .61 (Ol 
Journal of the Institute of Transport, January, p. 53. 

MANCE (Sir H. Osborne). — The perennial question 
of co-ordination. (1 500 words.) 


1951 385 (06 
Journal of the Institute of Transport, January, p. 56. 

BETLEM (H. P. B.). — International railway problems. 
With particular reference to the International Union 
of Railways (U. I. C.). (36 000 words.) 


Journal and Report of proceedings, 
The Permanent Way Institution. (London.) 
1951 385 (09 (42) 
Journal, The Permanent Way Institution, April, p. 43. 


TRAIN (J. C. L.). — A review of the railways under 
nationalisation. (3 000 words.) 


The Locomotive. (London.) 


1951 
The Locomotive, January 15, p. 3. 
Diesel-electric trains for Egypt. (1 400 words 


621 .431 .72 (62) 


& fig.) 


1951 
The Locomotive, February 15, p. 22. 
British Railways Standard 4-6-2 locomotive. 
words & fig.) 


621 .132 .4 (42) 


(1 200 


1951 
The Locomotive, March 15, p. 34. 
1750 B.H.P. Diesel-electric locomotive. (1 600 words 
& fig.) 


621 .431 .72 (42) 


% 


1951 621 .335 (4 
The Locomotive, April 14, p. 61. 
HAUT (F. J. G.). — French electric locomotiy 


(1 200 words & fig.) 


Railway Age. (New York.) | 
} 


1951 656 .254 ( 
Railway Age, January 29, p. 20. | 
1540 miles of radio train communication on the Miso 
Pacific. (1 500 words & fig.) 
1951 
Railway Age, February 5, p. 44. 
Cairo bridge being rehabilitated. 


624 5 ( 
(2 000 words & ff 


1951 
Railway Age, February 12, p. 94. 
JOHNSTON (W. A.). — The Illinois Central herita 
(12 000 words & fig.) ' 


385 (09 ( 


1951 625. 
Railway Age, February 12, p. 117. 

« Shimmy » in passenger-car_ trucks. 
& fig.) 


Railway Engineering and Maintenance. 


| 

(1 200 we 

\ 

| 

(Chicago.) | 
1951 625 .143 | 
Railway Engineering and Maintenance, January, p.}. 
Suburban track gets « ribbonrail ». (800 words & } 


1951 625 .14 
Railway Engineering and Maintenance, February, p. 

Special track design gives needed clearance in St. C 
Tunnel. (2 000 words & fig.) 


Railway Gazette (London.) | 
| 


1950 Be) 
Railway Gazette, June 2, p. 625. 

Express Diesel train services for G. N. R. (Ir.). al 
words & fig.) | 


“a | 


621 .431 


1950 625 .13 
Railway Gazette, June 9, p. 651. i 
Western Ghat improvement works on the G. I. & 
(2 400 words & fig.) 

1950 
Railway Gazette, June 16, p. 679. 

BROADBENT (H. R.). — Weight transfer in mult) 
unit electric stock. (2 000 words & fig.) 


621 .34) 


1950 
Railway Gazette, June 23, p. 708. 
Improved fish vans for British Railways. (900 ve 
& fig.) 


625 .244 | 


| 


caeae ly ee 


950 
ilway Gazette, June 23, p. 711. 


3eyer Garratt locomotives for Queensland. (2 000 words 
fig.) 


621 .132 .8 (943) 


1950 656 .283 (42) 
ilway Gazette, June 23, p. 719. 

Ministry of Transport accident report. — Southern 
gion, British Railways: December 9, 1949. (800 
rds & fig.) 

1950 621 .134 .3 & 656 .27 


ilway Gazette, June 30, p. 735. 
3ULKELEY (G. V. O.). — Steam distribution on 
lonial Railway locomotives. (600 words.) 


1950 

ilway Gazette, June 30, p. 736. 
Developments in illuminated diagrams (1 800 words 
fig.) 


950 

ilway Gazette, June 30, p. 739. 
Rolling stock for Iraq State Railways. (1 000 words 
fig.) 


950 

ilway Gazette, July 7, p. 15. 
sauge and cross level track recorder. (400 words 
fig.) 


950 621 
ilway Gazette, July 7, p. 18. 
Cank locomotives for Spain. (300 words & fig.) 


656 .25 (5) 


625 .232 (5) 


625.172 


.132 .6 (460) 


950 

ilway Gazette, July 7s-p. 25. 
Ministry of Transport accident report. — Lime Street, 
erpool, London Middland Region : November 19, 
9, (200 words). 


656 .283 (42) 


950 
lilway Gazette, July 14, p. 39. 
mproved 2-Do-2 locomotives for S. N. C. F. (600 


621 .335 (44) 


950 —- 
ilway Gazette, July 14, p. 40. 
“ore Swiss lightweight electric locomotives. 


621 .335 (494) 
(400 


621 .335 (485) 
ilway Gazette, July 14, p. 41. ; 
iight electric railcars in Sweden. (500 words & fig.) 


950 625 .28 
ilway Gazette, July 21, p. 67. 

Soaching stock weight and locomotive power. (1 600 
‘ds, tables & fig.) 


950 656 .222 .1 (494) 
iway Gazette, July 28, p. 98. 
\LLEN (C. J.). — High speeds in Switzerland. (1 000 


‘ds & fig.) 


1950 
Railway Gazette, August 4, p. 123. 


Southampton Docks Ocean Terminal. (2000 words 
& fig.) 


656 .213 (42) 


1950 
Railway Gazette, August 4, p. 134. 
Integration of freight services by road and rail. (1 400 
words.) 


656 .222 .6 (42) 


1950 
Railway Gazette, August 11, p. 152. 
Electrification of the Norwegian State Railways. 
(2 000 words & fig.) 


621 .33 (44) 


1950 
Railway Gazette, August 11, p. 155. 
New power bogie locomotives in France. (1 000 words 
& fig.) 


621 .335 (44) 


1950 621 .132 .1 (42) 
Railway Gazette, August 18, p. 179; August 25, p. 209. 

POULTNEY (E. C.). — Proportions of British loco- 
motives. I. (SOO words, tables & fig.) 


1950 656 .211 .5 (42) & 656 .25 (42) 
Railway Gazette, August 18, p. 181. 
Automatic train announcing apparatus. (1 800 words 
1950 
Railway Gazette, August 25, p. 219. 
Design for double-deck Diesel railcar. 
& fig.) 


621 .431 .72 (436) 


(300 words 


Railway Mechanical Engineer. (New York.) 


1949 385 (061 .4 (73) 
Railway Mechanical Engineer, August, p. 425. 

Mechanical Division considers current problems (23rd 
annual meeting of the Mechanical Division, Association 
of American Railroads). (24000 words, tables & fig.) 

1949 pA MIB 72 (7/33) 
Railway Mechanical Engineer, August, p. 458. 

Infra red lamps in the Diesel shop. (1 400 words & fig.) 


1949 621 .431 .72 (73) 
Railway Mechanical Engineer, September, p. 465. 
Lima-Hamilton switcher. (2000 words & fig.) 


1949 621 133 .4 (73) & 621 .138 .1 (73) 
Railway Mechanical Engineer, September, p. 497. 

MAY (H. E.). — Reducing smoke in firing locomotives. 
(2000 words & fig.) 

1949 621 .138 .3 (73) 
Railway Mechanical Engineer, September, p. 505. 

Cool-down system of boiler washing. (660 words & fig.) 

1949 621 .431 .72 (73) 
Railway Mechanical Engineer, October, p. 543. 

Budd rail Diesel car. (2 000 words & fig.) 


My het 


1949 621 .132 
Railway Mechanical Engineer, October, p. 552. 

O’CONNOR (C.). — Modernizing the steam locomo- 
tive. (3 000 words.) 


1949 385 (061 (73) 
Railway Mechanical Engineer, November, p. 606. 
Joint session hears about fuel. (1 200 words.) 


1949 385 (061 (73) 
Railway Mechanical Engineer, November, p. 608. 

I. M. O. A. considers modern maintenance techniques. 
(8 400 words.) 


1949 385 (061 (73) & 625 .2 (06 (73) 
Railway Mechanical Engineer, November, p. 624. 
Car officers suggest constructive changes. (5 800 words.) 
1949 385 (061 (73) & 621 .13 (06 (73) 
Railway Mechanical Engineer, November, p. 634. 
Locomotive boiler problems. (7 000 words.) 


In Danish. (= 439.81). 


Ingeni@ren. (Copenhagen.) 


1951 
Ingeni@ren, No. 5, p. 127. 
BENDTSEN (P.). — Electrification of the Paris-Lyons 
line. (1 700 words & fig.) 


621 .33 (44) = 439.81 


Sikringsteknikeren. (Copenhagen.) 


1950 656 .257 = 439.81 
Sikringsteknikeren, No. 5, p. 451. 
SIMONSEN (E.). — New time relays for safety 


installations. (1 600 words & fig.) 


In Spanish. 


Ferrocariles y Tranvias. (Madrid.) 


1951 
Ferrocarriles y Tranvias, enero, p. 8. 
SAVARY (W. B.). — Bombas de alimentacién de 
locomotoras. (2 000 palabras & fig.) 


621 .132 8 


1951 
Ferrocarriles y Tranvias, enero, p. 12. 
de GOYENA (J. M. P.). — Frenado decelerometrico. 
(1 000 palabras & fig.) 


625251 


1951 656 .222 .1 
Ferrocarriles y Tranvias, enero, p. 14. 

RUIZ DEL CAMPO (F.). — La yelocidad de los 
trenes y el relievo topografico. (2000 palabras & fig.) 


1951 621 
Ferrocarriles y Tranvias, febrero, p. 43; Abril, p. 1 

GIBERT Y SALINAS (A.). — Peligros de la pro 
midad entre las instalaciones de traccion eléctrica y 
de seiales y comunicaciones eléctricas. (12 000 palab 
& fig.) 

1951 625 
Ferrocarriles y Tranvias, febrero, p. 55; Abril, p. 1 

VASCO RAMALHO (R.). Construccién de coc! 
ferroviarios. (5 500 palabras, cuadros & fig.) 


In Italian. 


: 


Ingegneria ferroviaria. (Roma.) | 
1951 

Ingegneria ferroviaria, febbraio, p. 91. 
BELLOMI (C.). — I sistemi discontinui di circuit’ 

binario. Contributo allo studio per ulteriori applicazi 

dei circuiti di binario. (3 500 parole & fig.) 


656 .256 


1951 621 
Ingegneria ferroviaria, febbraio, p. 103. 

BAJOCCHI (U.). — II sistema monofase a freque! 

i 

| 


| 
| 
| 
! 
i 


industriale. (2 200 parole.) 


1951 
Ingegneria ferroviaria, febbraio, p. 107. 
LEUZZI (V.). — La ferrovia della Hollental ed 
sistema monofase a 50 Hz. (6 000 parole, tavole & | 


621 .33 @ 


1951 621 . 
Ingegneria ferroviaria, febbraio, p. 121. 
MUSSO (G.). — Prove su interruttori extrara 


per trazione elettrica a corrente continua 3kV. (6) 
parole & fig.) 


La Ricerca Scientifica. (Roma.) 


1950 
La Ricerca scientifica, maggio, p. 667. 
MANACORDA (T.). — Sulla determinazione 
velocita critica per un binario porcorso con moto unif 
da un carico semimolleggiato. (1 500 parole.) 


656 cs 


1950 
La Ricerca scientifica, dicembre, p. 1846. 
LEVI (F.). — Nouvelles recherches sur les cons 


tions précontraintes. (1 700 parole.) 


| 

1951 | 
La Ricerca scientifica, gennaio, p. 48. | 
CASTIGLIA (C.). — Indagine sperimentale | 


comportamento plastico-yiscoso dei calcestruzzi. ( 
parole & fig.) 


Trasporti pubblici. (Roma.) 


1951 
asporti pubblici, gennaio, p. 57. 


LEUZZI (V.). — Su due particolari tipi di locomotive 
ttriche da manovra. (7 000 parole & fig.) 


621 .335 (45) 


1951 656 .1 (45) 
ansporti pubblici, febbraio, p. 125. 
VEZZANI (F.). — Entita e costo degli autotrasporti 


(Vanno 1950. (15 000 parole & tabelle.) 


In Netherlands. 


Spoor- en Tramwegen. (Utrecht.) 


1951 385 (09 (492) 
‘Oor- en Tramwegen, n™ 1, 11 Januari, p. 1. 
De Nederlandsche Spoorwegen in 1950. (2 500 woorden.) 


1951 656 .22 (492) 
oor- en Tramwegen, N* 1, 11 Januari, p. 3. 


BURGER (H.). — Regeling van en contréle op de loop 
- treinen bij de Nederlandsche Spoorwegen. (1 000 


621 .33 (485) 
oor- en Tramwegen, N? 1, 11 Januari, p. 5. 


VAN DORSSER KEUS (J. A.). — Waarom electri- 
eren de Zweedse Staatsspoorwegen? (4 000 woorden 
fig.) 


1951 656 .213 
oor- en Tramwegen, N* 3, 8 Februari, p. 33. 
KNOOK (A. L.). — Particuliere sporen. 


(4 500 


385 (09 (42) 
oor- en Tramwegen, N?* 4, 22 Februari, p. 49; N' 5, 
8 Maart, p. 74. 


VAN BILDERBEEK (B.). — Enige indrukken van 


623 (493) 
joor- en Tramwegen, N* 4, 22 Februari, p. 56. 


NACOPS (A.). — De Belgische Spoorwegen in oorlogs- 
Il. (8 000 woorden & fig.) 


In Portuguese. 


Gazeta dos Caminhos de ferro. (Lisboa.) 


1950 625 .232 (460) 

Gazeta dos Caminhos de ferro, n° 1491, 1 de fevereiro, 
p. 825. 

GUERRA MAIO. — O « Talgo ». (1 500 palavras.) 


1950 385 (09 (6) 
Gazeta dos Caminhos de ferro, n° 1494, 16 de marco, 
fou Sy, oe 
LOPEZ GALVAO (A.). — Caminho de ferro Cabo- 
Cairo. (6 000 palavras & mapa.) 
1950 385 (09 (67) 
Gazeta dos Caminhos de ferro, n° 1506, 16 de setembro, 
Dees y 
LOPEZ GALVAO (A.). — O porto e o caminho de 
ferro da Beira. (3 000 palavras & fig.) 


1951 385 (09 (68) 
Gazeta dos Caminhos de ferro, n° 1513, 1 de janeiro, 
p. 465. mM 
LOPEZ GALVAO (A.). — As Rhodesias e a sua 
rede ferroviaria. (4000 palavras & mapa.) 


1951 625 .143 .3 
Gazeta dos Caminhos de ferro, n° 1515, 1 de fevereiro, 
Dele 


GALRINHO PERNES (O.). — Désgaste ondulatorio 
de carris. (1 000 palavras.) 


In Swedish (= 439.71). 


Nordisk Jarnbanetidskrift. (Stockholm.) 


1950 656 .223 (73) = 439.71 
Nordisk Jarnbanetidskrift, No. 9, p. 268. 

LUNDBERG (A.). — The passenger traffic on the 
American Railways. (1 400 words.) 

1950 656 .25 = 439.71 
Nordisk Jarnbanetidskrift, No. 9, p. 270. 

HASSELBLAD (G.). — Are the mechanical safety 
installations to be modernised or replaced? (2 200 
words & fig.) 

1950 625 .141 (481) = 439.82 
Nordisk Jarnbanetidskrift, No. 9, p. 292. 

SKJENNEBERG (K.). — Ballasting works and 
transport of ballast. (Norwegian report). (1 100 words 
& fig.) 
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RAILWAY MATERIALS 


Rails are made at Workington by the acid Bessemer Process, of which 


the long-wearing properties have long been appreciated by railway 


engineers in many countries. The Workington plant also manufac- CTEEL 
tures fishplates, soleplates and steel sleepers. 
Our Steel Peech & Tozer works produces railway tyres, which can COMPANIES Lt 


also be supplied in heat-treated form, disc wheel centres and solid 
wheels; carriage, wagon and locomotive axles and laminated springs. 


WORKINGTON IRON & STEEL COMPANY - WORKINGTON 
STEEL PEECH & TOZER : THE ICKLES - SHEFFIELD 


Branch of The United Steel Companies Limited of Sheffield, England 


EE a Ens ee ee ee a 
@) W.74 


LA BRUGEOISE 
ET NICAISE & DELCUVE 


Liste) TWEE Wie <M Pein 


Steel-works, Forges and Engineering Works 
Head-Office and General Direction at 
St-Michel near Bruges 


PEL RO IEIL TIN G 
AND FIXED EQUIPMENT FOR 
RAILWAYS AND TRAMWAYS 
BRIDGES, FRAMEWORKS, TANKS, GAS-HOLDERS AND ALL 
STEEL CONSTRUCTIONS RIVETED AND WELDED 
@ 


WHEEL SETS — STEEL CASTINGS — IRON FOUNDRY 
SPRINGS 


Pa 


FERRANTL 


Pioneers in the manufacture of Electrical Equipment, 


with over 60 years’ production experience. 


INSTRUMENTS 

VOLTAGE 
REGULATORS : SWITCHBOARD 
; INSTRUMENTS 


HIGH VOLTAGE A.C. 
& D.C. TESTING : SUMMATION 


METERING 
EQUIPMENT EQUIPMENT 


POWER FACTOR 
CORRECTION 
CONDENSERS 


A.C. & D.C. 
TEST SETS 


FERRANTI CLIP-ON 


IME. 23 JOKE, AMMETERS 
HOUSE SERVICE 


& SWITCHBOARD Leen oade ees 
METERS 


CURRENT AND 
VOLTAGE 
TRANSFORMERS 


A.C. & D.C. 
PREPAYMENT 
METERS 


ELECTRIC FIRES 
METER TESTING & SPACE HEATERS 


EQUIPMENT 
ELECTRIC 
ELECTRONIC WATER HEATERS 


DEVICES ELECTRIC CLOCKS 
(including equipments 
for the Textile, Plastic RADIO & TELEVISION 


and Aircraft Synthetic Resin-Bonded 


Industries, etc.) PAPER TUBES 


x & CYLINDERS 
VALVES & CATHODE 
RAY TUBES CASTINGS 
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FERRANTI LTD., Hollinwood, Lancs. London Office: Kern House, Kingsway, W.C.2. 


REN SCISSOR TCS a is 


STRALIA 
SSS 


53, HAYMARKET, LONDON S.W.1 Works : Trafford Park, Manchester 17 


Has 


“TELEPHONE EQUIPMENT INSTR 


XIV 


equipped throughout with a a E- AXLEBOXES 


Freight locomotive built for 
the Dutch railways by Nydavist 
& Holm AB, Trollhattan, Swe- 
den. The building programme 
covers 35 locomotives. Weight 


127.8 tons. Axles. arrangement 


0-8-0. 


Axlebox for driving-axle. 


SAKF bearings on steam locomotives offer the following advantages : 


@ Increased reliability — no hot bearings. 
e Lower maintenance expenses. 


S Longer runs between overhauls : maximum availability. 
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Specialities : 


Locomotives and railway rolling stock. 

Electrical equipment for all traction requirements. 
Locomotives and railway rolling stock. 

Railway rolling stock and fixed equipment. 
Passenger and freight services. 

Ticket issuing machines. 
Tapered-roller-bearing-axle-boxes. 

Electric locomotives. 

Railway rolling stock and fixed equipment. 
Machinery and metal structures. Diesel-electric locomotive 
Fireboxes. 

Paints, lacquers and varnishes for every purpose. 
Railway electrification. 


Railway lighting equipment. 
Tractors. 

Electrical equipment. 

Railway forgings and tools. 
Draw gear, forged ironwork. 
Truck beds for locomotives. 
Locomotive injectors. 

Speed indicators and recorders. 
Boiler feedwater treatment. 
Axleboxes. 

Machine-tools. 

Permanent way equipment. 
Fluorescent lamps for railway coaches. 
Concrete railway sleepers. 
Railway plant. 

Axleboxes. 


Automatic slack adjusters. 
Rails, sleepers. 


Axleboxes. 

Railway equipment. 

Superheaters for locomotives. 

Decoration for the interior of Railway carriages. 

Railway materials. 
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Locomotives. 

Railway signalling. Brakes. 

Fireboxes for locomotives. 
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